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This Association, as a body, is not responsible for the statements or opinions of any of its 
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THE SHIPPING SITUATION AND THE CONSTRUCTION 
OF THE SQUANTUM DESTROYER PLANT. 


BY THOMAS C. ATWOOD, RESIDENT SUPERVISING ENGINEER. 
[September 11, 1918.] 


At the beginning of the war with Germany the Government 
was confronted with many problems, not the least of which was 
the problem regarding shipping. As is generally known, the 
most serious threat against the successful prosecution of the war, 
and especially to our own participation, was the unrestricted use 
of submarines by Germany. This action by the enemy not only 
threatened to destroy the transports, preventing us from sending 
an adequate army to Europe, but also to prevent us from supply- 
ing our own troops and those of the Allies. 

The only really effective means of combating the submarine 
has been found to be warships of a type known as “‘ torpedo boat 
destroyers,” and the first action of the Navy Department was to 
call for the rapid construction of a large number of these. Other 
boats were pressed into service, of course, and a smaller class, 
which could be built more rapidly, namely the 110-ft. submarine 
boat chasers, were also contracted for; but these were of little 
assistance in convoying troops and supplies across the ocean, for 
which purpose the destroyers were absolutely essential. 

The 110-ft. boats were very useful in Europe, so long as sub- 
marines operated within about one hundred miles of shore, but 
the submarines soon began to carry their operations far beyond 
this limit, and destroyers were necessary for offensive operation 
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against them, wherever they might be found, although an inter- 
mediate class was designed for special service in this particular 
respect. This was the 200-ft. class, known as the “ Eagles.” 
None of these, however, have as yet been put into service. 

Destroyers, then, were the one thing that we needed, and needed 
in large numbers, not only to wage offensive war on the submarines, 
but to convoy our ships across the ocean, both the transports and 
the supply ships. The convoy system was soon developed to 
protect merchant ships, as well, and so effective has this system 
become that losses were cut down from nearly ten per cent. to 
about one per cent. 

When we entered the war the number of destroyers in the 
English, French, and Italian navies was considerable, but they 
were devoted almost entirely to convoying troops and protecting 
the main fleets against submarine attacks. Merchant ships had 
to get along the best they could. On the most important station 
which the British had for protecting commerce there were only 
seven destroyers, and it went without saying that these boats 
could not be used to convoy ships, as they had to remain on the 
station to chase down every submarine which was reported. 

It may be well to give a brief summary of the general shipping 
situation. In 1914 there were something like 53000000 tons 
of shipping, — including the Great Lakes and the coastal ship- 
ping and everything, — and of that amount about 18 000 000 
tons have been destroyed by the submarines and about 5 000 000 
more of German shipping were interned, so that only about 30 000- 
000 tons remain of the original amount. To this must be 
added the 10 000 000 tons which have been built during the war, 
a much smaller amount than usual, of course, because the British 
construction was very largely cut off when the war started. It 
is only within the last year that the British have started their 
shipyards going again on merchant shipping, and they are now 
approaching their normal yearly output. There is now possibly 
40 000 000 tons available. If the war had not occurred and 
normal building had proceeded, there would have been about 
65 000 000 tons available now; so it is easy to see how serious 
the shortage is. The needs of the governments are so large that 
a very small amount remains available for private use. 
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The situation has been met in this country in two ways: First, 
by the building of destroyers to protect what shipping we had 
left; and, second, by building additional shipping as rapidly as 
possible. The destruction program of the Germans, beginning 
with February, 1917, called for the destruction of about a million 
gross tons of shipping per month, and they actually approached 
this at first; but now the destruction has been reduced, in August, 
1918, to around 250 000 tons per month; and during this present 
summer the shipbuilding has increased so that we have passed 
the destruction limit and are actually building more ships than 
are being sunk every month by the submarines. We have just 
passed the low point and are starting on the upward curve how- 
ever, so it is going to be months and years before we catch up to 
where the shipping should be. 

It is pleasing to note that the submarines have also been de- 
stroyed. The best information I have been able to secure is that 
about 250 or, possibly, 300 submarines have been built by Ger- 
many, and of these probably 150 have been destroyed, leaving 
100, or possibly 150, still operating, and of these not more than 
one third are at sea at one time. 

The convoy system has greatly helped in the matter of pre- 
venting submarine losses of shipping, because the ships go under 
the convoy of destroyers, and it is an extremely risky matter for 
a submarine to show itself anywhere near a destroyer, for if a 
destroyer does not get it with its guns it is very likely to with 
the depth bombs. 

Of course the wastage of shipping has not been entirely due to 
the submarines, but it has been due also to navigation losses, which 
are much greater now’on account of war conditions, so many 
lighthouses and lightships being out of commission, and ships 
running without lights and without fog-horns are very likely to 
collide, or much more likely than in ordinary times. 

The shipbuilding program in this country has been carried 
forward very rapidly both by the Navy Department and by the 
Shipping Board, and while the old yards — the ones which were 
in the service at the beginning of the war — have been almost en- 
tirely occupied with the Navy work, a great many new yards have 
been built by the Shipping Board; so that now that Board has 
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159 yards in operation, with some 750 ways. About half of the 
yards build steel ships and the other half build wood, composite, 
and concrete ships. That the production is increasing very rapidly 
is evidenced by the fact that this summer the number of rivets 
driven, which is the index to the amount of steel tonnage being 
turned out, has increased about 100000 rivets each month, it 
having been 400 000 rivets in April and now being double that 
number. 

The Navy Department confined its program almost entirely 
to destroyers at first, but within the last two or three months orders 
have been given to go ahead with the capital ships, which shows 
that the submarine situation is well in hand, or else every effort 
would still be devoted to building destroyers. 

The shipbuilding situation is probably more responsible for the 
shortage of labor in this country than any other industry. When 
one realizes that before the war we were only turning out about 
250 000 tons of shipping per annum, while now we are aiming at 
10 000 000 tons per annum and will actually run up next year, 
probably, to 6 000 000, one can see what a tremendous overturn 
there has been in the business. The number of people engaged 
in shipbuilding before the war was not over 50000, while now 
there are nearly 1 000 000 people, if we include both the Shipping 
Board and the Navy Department. The Navy Department has 
had about as much work on hand as the Shipping Board, until 
recently. This has created a labor situation which is unique in 
the history of this country because so many different men are 
engaged in shipbuilding who never were engaged in that class of 
work before. 

This is the reason why shipping has not increased at a greater 
rate. In another year, when these men have been trained to be 
mechanics, there is going to be a very great increase in the amount 
of shipping put out, because shipbuilding methods have been 
improved so greatly and the number of types and sizes of ships 
reduced to such an extent that a man should turn out more tons 
per annum than formerly. Before the war it was a very good 
yard which would turn out 20 tons per annum per man of mer- 
chant shipping, and that is cut down now by inefficiency in such 
yards to about 15 tons, and in some even less. But there are 
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yards in the country which are turning out as high as 35 tons, and | 


the reason is found in the fact that these yards are ones which got 
started early and corraled all the good mechanics there were and 
would not let go of them, and the others had to take what was left. 

The shipbuilding facilities of the country were found inade- 
quate to produce the number of destroyers needed within the 
time required, so extensions to existing yards were made and in 
addition the large plant at Squantum was projected, this being 
built as a strictly Navy plant, designed entirely for the construc- 
tion of destroyers and boats of similar size. The plant cannot 
be used for the building of larger ships without the construction 
of extensive additions, because the buildings and machinery are 
planned for destroyers, and the ways are not heavy enough for 
larger craft. 

Everything is laid out in this plant for the most rapid construc- 
tion possible. Before the war it was customary to take from 
eighteen to tw nty-four months to turn out a destroyer, but under 
the pressure of war conditions this time has been reduced at old 
plants to five or six months, and it is hoped at the Squantum plant 
that this time will be reduced even more. 

One destroyer has been launched in fourteen days from the 
time of laying the keel; but this is what might be called a “ freak 
performance.”’ Every piece of steel which was required in that 
boat — and there are some 24 000 different pieces — was ready 
to put into place before the keel was laid; months had been 
spent in getting it ready. This “stunt ” was pulled off at the 
Mare Island Navy Yard, California. 

In a plant like that of Squantum, however, turning out de- 
stroyers in regular succession, it should, be possible to build a 
boat, ready for launching, in about two and one-half months, and 
to outfit her in about two months more, making the minimum 
time for average construction four and one-half months. This, 
however, can only be attained by an efficient organization work- 
ing at top speed. 

The present contract calls for 35 vessels to be built at Squantum, 
all within twenty-one months from the time the work on the yard 
itself was started; and this, it will be seen, is much less time than 
it formerly took to build one destroyer in an established yard. 
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The construction of the Squantum Destroyer Plant was begun 
on October 6, 1917, and was carried on, day and night, throughout 
the following winter, which all remember as being the most severe 
on record. A working force of about 6000 men was employed, 
and the construction plant was much larger than usual in order 
to procure the rapidity of work and comfortable conditions for 
the workmen. 

The design of the plant was carried on at the same time as the 
construction, and the engineers succeeded in keeping ahead of 
the work in almost all instances, there being no delay of any con- 
sequence. They had had a short time, perhaps a month before 
the contract was awarded, in which to prepare for the construction 
work, but only general decisions could be made in this time, so 
that practically all the detail work had to be done during the 
construction period. 

The plant occupies a tract of some 700 acres, facing Dorchester 
Bay in Boston Harbor, on the Neponset River, and lying entirely 
within the city of Quincy. The plant proper occupies an area 
of about 90 acres, directly on Dorchester Bay, part of this area 
being above tide level and part of it being salt marsh with from 
5 to 15 ft. of mud overlying the solid clay beneath. A channel 
giving 12 ft. of water at mean low tide was dredged from the 
main Dorchester Bay channel into the plant, and a large launch- 
ing basin dredged out to provide for handling the boats when 
launching and outfitting. This dredging was done by hydraulic 
dredges which discharged the excavated material on to the marsh 
and made ground on which to build a large part of the plant. 

The foundations for the buildings consisted of spread footings 
where solid ground was available, and concrete piles elsewhere, 
except that foundations of the wharves were all constructed of 
oak piles. 

The buildings proper were divided into two classes, both being 
permanent construction. The high buildings, all of which con-_ 
tained traveling cranes, were of steel frame construction, glass 
sides and wooden roofs, the latter being mainly of sawtooth con- 
struction. The low buildings, and also the main office building, 
were of mill construction. 
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LAUNCHING First Destroyer, JUNE 18, 1918. 


Ice CoNDITIONS DURING CONSTRUCTION OF WHARF. 
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The buildings are thoroughly sprinklered; the wet system 
being used in heated buildings and the dry system in unheated 
buildings. 

This plant is unique, in that the ships are built entirely within 
the new buildings, both before launching and afterwards. By 
this means, it is expected that at least two months will be saved 
in the building of the destroyers under the present contract, and 
the cost of the roofs — perhaps $2 000 000 — is so much less than 
the possible saving, due to earlier construction of the destroyers, 
that it becomes an economical proposition to completely enclose 
the building ways and the outfitting basin. 

The plant is laid out for the most economical construction 
possible of the destroyers, and is thoroughly equipped with every 
possible labor-saving device. All steel is taken out of the railroad 
cars by overhead cranes and stacked in numbered racks, so. that 
each individual piece is immediately available, and, when needed, 
is taken on cars into the adjacent fabricating shop, where it is 
worked into final shape and carried into the next building to be 
assembled into bulkheads, or placed directly on the boats. 

Overhead cranes carry the fabricated steel from the assembly 
building directly to the boats, each boat being served by two 3- 
ton cranes, one of which can drop steel directly over the center 
line of the boat. 

The lighting of the buildings is so good that no artificial light 
is needed, but thorough light is provided for working at night. 

Compressed air and electrical power is distributed to all parts of 
the buildings from the main power house, where current is re- 
ceived from the Boston Edison Company, and transformed or 
converted into the various forms necessary. Directly connected 
compressors supply the compressed air needed. 

A complete galvanizing shop, for galvanizing material up to 
plates 30 ft. long by 5 ft. wide, is adjacent to the assembly shop. 

A large machine shop provides means for doing all machine 
work on the ships, which it is advisable should be done at the 
plant. 

One of the most important outfitting shops is the pipe shop, 
in which is done all the copper, brass, and iron piping work, of 
which there is a vast amount on each destroyer. 
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The turbines driving the destroyers have a total horse-power 
of about 28 000, so that it may readily be seen that the piping 
required between the boilers, turbines, compressors, and all the 
auxiliary machinery is very large, and all has to be specially made 
up in order to fit in the required space available. 

Another large shop is the sheet-metal shop, where all the light 
metal work is done; the shop being equipped to handle steel plate 
work up to 7 in. in thickness. Here the up-takes, smoke stacks, 
etc., are made, as well as innumerable metal interior fittings. 

Additional shops are provided for the riggers, outside mechanics, 
carpenters, electricians, and the yard maintenance force. 

Storage for the necessary materials other than the heavier parts 
is provided in the storehouse, and storage for the heavier material 
which comes in ready for placing in the ships is provided in the 
warehouse. Here, such equipment as pumps, blowers, etc., is 
kept until time for installation. 

The yard is served by railroad connection from the New York, 
New Haven & Hartford Railroad, — Old Colony Division, — and 
a complete system of tracks allows the materia! to be taken to 
any part of the yard or buildings. 

Locomotive cranes are provided for handling material which 
is desired to be stored in the open in various parts of the yard, 
and for handling coal and similar materials. ; 

A system of macadam roads was built to give access to all the 
buildings, and the remainder of the ground is graded to provide 
for the greatest usefulness of the space available. As a large 
part of the area was filled in by the hydraulic dredge with ma- 
terial from the launching and outfitting basins, and as this mate- 
rial consisted mostly of clay, it was necessary to place 12 to 18 
in. of dry, sandy gravel over the top of the hydraulic fill in order 
to make it possible to use the surface. This material was obtained 
from gravel pits in Wollaston and East Weymouth. 

The plant proper is completely fenced in, with lights provided 
to make guarding easy, and at the gates are special houses built 
for checking employees in and out, and a service building contain- 
ing a well equipped hospital and employment office. 

A restaurant, with a seating capacity of 1 500, is provided for 
use of the employees, and the bunk-houses, built for construction 
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work, have been left for use in housing employees of the plant if 
this should prove necessary. 

The yard is served from the Metropolitan water system, a com- 
plete system of piping extending to all buildings. In addition to 
this there is a complete fire protection system with pressure sup- 
plies by a 100 000-gal. tank on a 125-ft. tower. Two 1 000-gal. 
fire pumps, electrically driven, for taking water from Dorchester 
Bay, are provided for use in case of a large fire, but the system is 
maintained full of fresh water as a rule. 

Accessory plants were built at Buffalo, N. Y., Providence, 
R. I., and Cambridge, Mass., for the construction of turbines, 
boilers, and pumps, respectively, all the plants being under the 
same general appropriation and management. 

The plant was built under the supervision of the Navy Depart- 
ment, Admiral H. H. Rousseau in charge of new plant construc- 
tion under the Bureau of Yards and Docks, and the field con- 
struction in charge of the speaker, as supervising engineer, assisted 
by Mr. C. L. Hammond and Mr. F. I. Winslow. The auditing 
was in charge of Paymaster Alvin Hovey-King, U.S.N., with 
Assistant Paymaster C. L. Bates, U.S.N., in direct charge. 

The plant was laid out by the Bethlehem Shipbuilding Cor- 
poration, Mr. J. W. Powell, vice-president, and Mr. H. G. Smith, 
manager. 

The works were designed and construction supervised by 
Messrs. Monks and Johnson, of Boston, the engineering work 
being in direct charge of Mr. Johnson of this firm, assisted by 
Messrs. John R. Nichols, M. Linenthal, R. R. Burnham, H. O. 
Jackson, L. I. Killian, R. J. Fogg, and H. A. Hoyt. 

The contractor for all plants was the Aberthaw Construction 
Company, of Boston, Mr. L. C. Wason president, Mr. J. A. Gar- 
rod general superintendent, and Mr. W. H. Ryerson superin- 
tendent on the Squantum plant. 

A great deal of credit is due all the interests concerned for the 
hearty codperation which all endeavored to give, to secure the 
best and most rapid results possible. 

The completion of this large plant within the time allotted and 
the severe weather encountered reflects great credit upon the 
entire construction force. 
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The work was far enough along so that active work on building 
destroyers began January 1, 1918, and the plant substantially 
completed before June 1, 1918. The keels of the first five de- 
stroyers were laid April 20, 1918, and the first boat launched 
July 18, 1918. 
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THE MEASUREMENT OF RAINFALL AND SNOW. 
BY ROBERT E. HORTON, CONSULTING ENGINEER, ALBANY, N. Y. 


INTRODUCTION. 


In this paper the word “ rainfall” will sometimes be used to 
describe all those forms of atmospheric precipitation which are 
ordinarily measured and included in rainfall records, and which 
consist mainly of rainfall and snow. Other forms of precipita- 
tion, including dew, frost, and mist, — which for the most part are 
not ordinarily included in rainfall records, — will not be discussed. 

Probably almost every one who has kept or used rainfall rec- 
ords has had some question lurking in his mind at times as to the 
accuracy of such records. Again, the question often arises as to 
whether a rainfall record taken at one location will furnish a re- 
liable indication, either of the mean, the annual, or the rainfall in 
individual storms at near-by locations, or over any considerable 
area surrounding the rain gage. 

The object of this paper is to describe methods of measuring 
of rainfall and snow, and to discuss the errors and accuracy of 
such measurements, with a view to suggesting methods of secur- 
ing rainfall records having the highest possible degree of accuracy 
and usefulness. 

Some attention will be given to the question of the reliability of 
the results obtained from a single rain gage as applied to larger or 
smaller areas around it. This ever-recurring question is of special 
importance in connection with gravity water-supply systems 
dependent upon small drainage areas, since it does not often happen 
that there is more than one rain gage located within or closely ad- 
jacent to a water-works catchment basin of, say, ten square miles 
area or less. 

Neither the causes of rainfall, its characteristics or variations, 
nor methods of analysis and use of rainfall records, is here con- 
sidered. It is conceived that a discussion of these subjects might 
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form the basis of a far more interesting paper than can be evolved 
from the relatively dry details of the technique of rainfall measure- 
ment. Inasmuch, however, as there are numerous rainfall records 
maintained in conjunction with water-works systems, — especially 
throughout New England, — and the results seem to justify a 
general increase in the maintenance of such records by water- 
works engineers, officials, superintendents, and reservoir keepers, 
‘ it seems worth while to devote some attention to the subject of 
the best methods of locating rain gages and of keeping records of 
rainfall and snow. 

As a foundation for this discussion and as affording added in- 
terest to the subject, the development of the rain gage and the 
methods and extent of rainfall! observations in various countries 
are briefly treated. 


Earty Ratn GAGES AND RAINFALL RECORDS. 


Geologic considerations indicate the occurrence of rain back to 
the dawn of stratigraphic history. Direct evidence of the nature 
and occurrence of rain in early geologic times is found in rain prints 
on rocks. Such records, showing the actual impressions made by 
raindrops on soft beds of clay, are found in the carboniferous rock 
in England and in the still earlier rocks in Glacier National Park 
in the United States. Such rain prints probably represent light 
showers which occurred during low tide, the soft mud in which the 
imprints were formed being covered with sediment immediately 
after the rain and so preserved. 

As regards written records, it seems there must have been some 
sort of a rain gage in use in India as early as the fourth century B.c. 
In a book, “ Arthastra,” or the Science of Politics, by Chanakya, 
the famous minister of Chandragupta, the founder of the Maurya 
dynasty in India, and the grandfather of Asoka, there are certain 
statements from which we are led to believe that the Indians of 
the fourth century B.c. had a good idea of meteorology. In 
the chapter on the “‘ Superintendent of Agriculture ’’ is found the 
following: 


“The quantity of rain that falls in the country of Jangala is 
16 dronas; half as much more in Anupanam countries; 1334 dronas 
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in the country of Asmakas; 23 dronas in Avanti, and an immense 
quantity in Apparantam; the borders of the Himalayas, and the 
countries where water-channels are i:aade use of in agriculture.” * 


In the Mashnah, a collection of religious writings of the first 
century, there have been found recorded measures of rainfall in 
Palestine during the first century of our era. These are probably 
the first quantitative observations of precipitation now in exist- 
ence. Hildebrandsson states that these observations agree as to 
quantity of rainfall with modern pluviometric records at Jerusa- 
lem. (M. W. R., June, 1916, p. 345.) 

So far as rain gages of modern types are concerned, it is known 
that they have been used since the days of Leonardo da Vinci, 
1452-1519. 

The invention of the rain gage is, however, often attributed to 
an Italian, Benedetto Castelli, who, in June, 1639, informed 
Galileo that he had measured 
the rainfall with a “ vase one 
spanne in depth and half a 
spanne in diameter.” Its inven- 
tion is also sometimes credited 
to Sir Christopher Wren, in 
1663. Wren also devised a 
recording rain gage in 1670. 

Dr. Y. Wada, director of the 
Korean Meteorological Observa- 
tory, has shown that rain gages 
were in use in Korea as early 
as 1442. The dimensions of the 
ancient gage were: depth, 30 
centimeters; diameter, 14 centi- 
meters. A gage of the period 
of 1770 was found by Wada on 
an inspection trip actually in use at the observatory of Chemulpo, 
Korea. On the granite pillar of the gage represented in the illus- 
tration (Fig. 1), found at Taiku, are engraved three large Chinese 
characters meaning “Instrument to measure rain,” and seven 


Fic. 1. THE OLpEst RAIN GAGE. 
ERECTED AT Tarku, 1770. 


* Jogindra Nath Sammadar, Hararibagh, Bengal. Quar. Journ. Roy. Met. Soc., January, 
1912, pp. 65-66. 
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smaller characters meaning “‘ Constructed in the fifth month of 
the cycle of the year,” a date in the Chinese calendar correspond- 
ing to 1770. This is evidence that rain observations began in 
Korea two centuries before they were made in Europe, and, 
what is more remarkable, there appears to have been an udometric 
survey, or network of rain-reporting stations. The reports were 
probably used in connection with the rice crop. 

A conical rain gage intended to multiply the depth of precipita- 
tion so that it could be measured accurately was invented and 
used by the physicians Kanold and Kindmann, of Breslau, between 
1717 and 1727. 

A conical rain gage was introduced in the United States of 
America by Simeon DeWitt, of Albany, in 1897, and deseribed 
in a paper before the Albany Institute.* 

The earliest modern rainfall records were instituted at Paris 
in 1668. The longest continuous record is that kept at Padua, 
begun in 1725 and still continued. 

Probably the earliest-long record kept in the United States was 
that of Professor Winthrop, at Cambridge, Mass., which was begun 


in August, 1749, and continued until the day of the battle of 
Lexington, 1775. This record is given by Goodnough.t 

A record at New Bedford, Mass., was begun by Samuel Rodman 
in 1814 and was continued down to 1898, covering one hundred and 
thirteen years. 


DaTE OF BEGINNING OF EARLY PRECIPITATION RECORDS. 


Location. 
Paris, France 
Townley, England 
Ulm, Germany 
Padua, Italy 
Milan, Italy 
New Hartford, Conn 
New Bedford, Mass.............. 
Boston, Mass 
Albany, Troy, Utica, N. Y 


Most of these records have been kept continuously to the present time. 


* See American Journal of Science and Art, Vol. 22, pp. 321-4. 
+ Journ. N. E. W. W. Assoc., September, 1915, p. 332. 
t Journ. N. E. W. W. Assoc., September, 1915, p. 365-7. 


Date. 
1668 
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DISTRIBUTION OF RAINFALL RECORDS. 


Rainfall gaging stations are generally distributed over the 
British Isles, United States, Southern Canada, Germany, Austria, 
France, Japan, Italy, India, Australia, Java, and Argentina, and 
to some extent in China, Mexico, Russia, and the Philippines, 
South Africa, and Denmark. 

Dr. Buchan (Vol. 3, Meteorology, Bartholomew, Physical Atlas, 
London, 1899) states that there are 30 000 stations for observing 
rainfall, scattered over the continents and islands of the globe. 
There is one station or more to every 40 square miles in Jamaica, 
Barbados, St. Kitts, Great Britain and Ireland, Denmark, Saxony 
and the Straits Settlements, Victoria and Mauritius. For Europe, 
United States, India, and Australia, the general average is about 
one station for every 2000 square miles. In the thickly settled 
portions of the United States there is about one station to 500 
square miles, the usual practice in the eastern United States 
being the maintenance of one station in each county. In sparsely 
settled regions in western United States there may be only a single 
station in an area of 16 000 square miles. 

There are about 2000 rainfall records in the United States 
having a duration of twenty-five years or more, and probably an 
equal number of shorter records of ten to twenty-five years’ dura- 
tion. At the present time there are about 200 regular United 
States Weather Bureau stations equipped with recording instru- 
ments. There are 3000 stations, the pluviometric results for 
which are regularly reported in the publications of the United 
States Weather Bureau. France has 2 000 stations, and England 
about 5 000. 

Numerous rainfall records were established in the period 1825 
to 1850 at the academies in the state of New York. The earlier 
records in the western states were often kept at forts and barracks. 


Various Forms oF Rain GaGEs. 


The earliest rain gages were mere prismatic containers, the 
depth of catch being measured directly. So far as I can learn, 
the Simeon DeWitt or Albany gage (Fig. 2) was the first having a 
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funnel with a small orifice intended to reduce evaporation loss. 
This, seems also to have been one of the earliest gages in which 
the depth of rainfall was multiplied by catching and measuring it 
in a receiver, smaller in diameter than the funnel of the gage, thus 
facilitating accuracy of measurement. These two points represent 
practically the only significant improvement in modern rain gages 
over the most primitive prismatic types. There is no reason to 
doubt that so far as the actual catch is concerned the Korean 
gage (Fig. 1) is as accurate as the best modern gage. The errors 
and uncertainties of such gages result from evaporation loss and 
inaccurate measurement of the catch. 

In the earlier days, many special types of rain-gage funnels were 
devised, such as the inverted cone of the DeWitt and Smithsonian 
gages, and the splayed rim surrounding the funnel of the Von 
Bezold gage. Fortunately, as will be shown later, these devices do 
not seem to have materially reduced the accuracy of the records 
obtained. Such devices have, however, mostly fallen into disuse, 
and cylindrical gages are now in general use the world over. Some 
of the earlier type of gages are shown in Figs. 2 to 5 inclusive. 


Figs. 6 to 10 inclusive show the principal forms of gages now in use 
in the United States, England, India, and Continental Europe. 
They are practically identical in the principles of their construc- 
tion, but vary in size, methods of setting, and methods of measur- 
ing the rainfall caught. The names, sizes of funnels, and usual 
heights of funnels above ground, of the principal rain gages now 
in use, are shown in the following table. 


CHARACTERISTICS OF VARIOUS RAIN GAGEs. 
Diameter, Usual 
Name. Used in In. Height. 
Meteorological Office England 
Snowdon England Eft. 
India ft. 
Prussia 1 meter 
Early U.S. A. p 8 ft. 
Early U.S. A. 4 Flush 
Old N. Y. State 
U.S. Weather Bureau US: A, 4.5 ft. 
Friez recording A. 
Glaisher England 
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Fic. 5. Witson SELF-REGIS- Fic. 6. GAGE, SNOWDON PATTERN, 
TERING RAIN GAGE. WITH SPLAYED BASE, BRITISH METEOR- 
OLOGICAL OFFICE PATTERN. 


2.5. bad > Funnel. Body. Base. 


Fic. 7. Symons Rain GAGE, INDIA TYPE. 


a 

Up 


22 THE MEASUREMENT OF RAINFALL AND SNOW. 
With the English types of gages, including the Symons, Snowdon 
and Meteorological Office gages, a graduated measuring glass is 
used; with the Glaisher and Hellman gages the rain is caught in 
a metallic receptacle and afterward poured into the measuring 
glass. The Glashier gage (Fig. 8) has an inverted siphon outlet 
funnel affording a water seal intended to prevent evaporation. 

The Casella gage has a special insulated outer jacket which 
will prevent freezing of the water in the gage in ordinary winter 
weather. Inasmuch as leakage of the overflow can of gages of 
the U. S. Weather Bureau type, resulting from freezing, is a not 
uncommon occurrence, the use of the insulating jacket seems to 
merit consideration. 

Gages with square funnels have occasionally been used, such, 
for example, as the Wilson gage (Fig. 5) an English instrument 
having a dial and hands, by which the amount of rain caught is 
indicated directly in inches and hundredths. . 


United States Weather Bureau Rain Gage. 


The accompanying Fig. 10 shows the form of non-recording 
rain gage in common use in the United States. The diameter of 
the gage funnel, A, is 8 in.; the diameter of the inner tube, C, is 
such that, allowance being made for the measuring stick (not 
shown) the area of cross-section of the tube equals 0.1 the area 
of the mouth of the funnel, so that the depth of rainfall is multi- 
plied ten times. A cedar measuring stick about sz in. thick 
by 3 in. wide is used. This is graduated in inches and tenths, in 
such a manner that an actual depth of 1 in. in the inner or reser- 
voir tube of the rain gage reads 0.1 in. on the stick. The depth 
of moistening of the portion of the cedar rod inserted in the water 
in the inner tube shows clearly after the rod is withdrawn for the 
purpose of taking the reading. 

There is no standard or uniform height above ground at which 
rain gages are placed in the United States. As a rule, the nearer 
the ground the more accurate is the record obtained by a rain 
gage. Inasmuch, however, as the gage should be high enough to 
prevent interference by children and animals, a height of the top 
of the funnel of 4.5 ft. is found convenient. 
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In the winter time the funnel A and the measuring tube C are 
removed, and only the overflow can B is left in position. One 
method of measuring snow caught in the overflow can is to melt 
the snow, pour the water into the brass measuring tube, and 
measure it in the usual way with the cedar stick. 


“The method just described is objectionable, owing to the 
time required and to the loss of the snow or water by evaporation. 
The following plan is much better: Take the overflow into a room 
and pour it into one measuring tube full of water to the brim, 
preferably warm. In cases of deep snowfall more water will be 
required. This will melt, or at least reduce to a fluid slush, a 
considerable amount of snow. The measuring tube should then 
be filled to the brim from the melted contents of the overflow and 
emptied; thereby discarding a quantity of water equal to that 
added. The remaining water in the overflow when measured in 
the tube then gives the actual depth of melted snow.” (Circular 
E, U.S. W. B.) 


Mountain and Tropical Gages. 


In regions having excessive rainfall’ it is necessary to provide 
rain gages capable of retaining a much larger amount of precipi- 
tation than can be stored in the ordinary type of gage. Special 
deep gages, sometimes called ‘‘ mountain gages,” are available for 
this purpose, and the English mountain gage of Negretti and 
Zambra will hold 27 in. of rain. In mountain regions where 
regular observers cannot be obtained, and gages can only be oc- 
casionally visited, good records of the total monthly precipitation 
can be obtained by the use of such gages, where otherwise data 
would be wholly wanting. Special attention is directed to this 
gage in this connection, as water-works engineers often desire 
numerous records of rainfall in connection with their reservoir 
systems but are hampered in procuring them for want of observers. 

It is suggested that one or two ordinary gages, read daily, in 
conjunction with several gages of the mountain type read weekly 
or monthly, will oftentimes prove a valuable combination. One 
of the difficulties of the use of gages read occasionally is the rete 
ance of loss of rain caught by subsequent evaporation. 

It is suggested by J. C. Alter (Monthly Weather Review, Novem- 
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ber, 1907, p. 511) that by placing 0.2 in. of pure olive oil on 0.2 in. 
of water in a regulation Weather Bureau pattern 8-in. rain gage, 
with the funnel receiver, but without inner tube, and exposing the 
gage in the ordinary manner, the rainfall for a considerable period 
may be caught and retained with but little loss by evaporation. 
Experiments by Hall, using such a gage in parallel with a Weather 
Bureau tipping-bucket gage, showed a deficiency of three per cent. 
for the gage containing olive oil for the period April 16 to Novem- 
ber 3, 1907, with a total rainfall of 7.77 in. Hall found that in 
light showers the fine drops did not penetrate the olive oil but 
remained supported on it and were lost by evaporation. 


Recording Rain Gages. 


The type of recording rain gage in most general use in the 
United States is the Friez tipping-bucket gage, Fig. 11. This 
has a funnel 10.5 in. in diameter, 
and, like the Weather Bureau 
gage, it has a brass measuring 
tube having an area one tenth the 
funnel area. The tipping bucket 
has two compartments, each hold- 
ing .01 in. depth of rain. The 
weight of this rain tips the bucket, 
forming a contact and closing an 
electrical circuit, by which the 
exact time of each tipping of the 
bucket is recorded on the drum 
of a chronograph. This is a very 
satisfactory instrument in most 
respects. Obviously, one com- 
= partment of the bucket may re- 
Fic. 11. Tipprnc-Bucket Gace. main partially filled when the rain 

ceases, and if this water does not 
evaporate the bucket will tip before .01 in. is fallen in the next 
subsequent rain. In very light showers this throws some error 
into the record as regards distribution of the rain, and makes it 
impossible to determine the rainfall duration with precision ex- 
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cepting for the time elapsed between the first and last hundredth 
recorded. 

In very intense rains enough rain may fall during the time 
required to overcome the inertia of the bucket and water contained 
therein to produce an appreciable and often considerable deficiency 
in the recorded amount, although the amount subsequently meas- 
ured in the brass tube will be correct. 

The Friez gage cannot be used in freezing weather or to catch 
snow. Records of the intensity of precipitation in winter are 
generally of less importance than in the summer time. They are 
nevertheless desirable. The Casella tipping-bucket gage, made 
in London, contains a snow-melting device permitting its use 
throughout the enti:e year. Lamps or oil heaters are objectionable 
for several reasons. There should be no great difficulty, however, 
where electrical current is available, in arranging an electrical 
heating coil which would keep the gage interior warm enough to 
permit the use of a recording gage throughout the year, although 
the cost of current would be appreciable. 

Full descriptions of the numerous types of recording rain gages 
in use in England and elsewhere are unnecessary here. Some of 
these, including the Fernley, Halliwell, and Hyetograph, are in- 
tegrating or float gages and record graphically the total amount 
of rain which has fallen at any given moment. Such gages are 
sometimes provided with automatic siphons which empty the 
measuring tube when a certain amount of rain is caught, and 
return the pen of the recorder to the zero line. In this way a 
record having a large vertical scale is obtained on a relatively 
narrow record sheet. It is nearly if not quite as difficult to deter- 
mine the exact time of beginning and ending of rain with such 
gages as with those of the tipping-bucket type. They give, usually, 
more satisfactory records in rains of very high intensity. 

Charles F. Marvin, chief of the United States Weather Bureau, 
has designed a seven-day recording rain gage of the float type, in 
which the recording pen traces a spiral line on the record sheet, 
wound around the drum of the chronograph, in a manner similar 
to the operation of the Friez tipping-bucket gage. In the Marvin 
gage, as the rain accumulates in the gage well, the float rises, and 
the chain connecting the float to a counterweight and running 
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over a pulley actuates a cam which moves the recording pen later- 
ally back and forth over a range of one-half inch for each one-half 
inch of rain caught in the gage. 

In this way the scale of the record is multiplied by two. The 
movement of the pen forms a zigzag line changing its direction 
for each one-fourth inch of rain in somewhat the same way that 
the pen of the Friez gage changes its direction of motion for each 
.05 in. of rain. Like other float gages the cumulative inertia 
error inherent in gages of the tipping-bucket type is eliminated. 
Like the tipping-bucket gage it gives a fairly precise indication of 
the time of occurrence of high rainfall intensities. Water enough 
is left in the receiver to sustain the float, and a layer of kerosene 
oil is used to prevent evaporation. This gage is not yet on the 
general market but can be obtained, built to order. 


Rain GAGES ON BoarpD SHIP. 


The rainfall over the ocean is much less completely determined 
than that over the land. It is probably subject to much less local 
variation. Fairly reliable determination of the average rainfall 
for any latitude and longitude over the ocean can be determined 
from records made on board ships at sea. 

Rain gages for this purpose are furnished by the British Meteoro- 
logical Office, and the following description of the method of 
erecting rain gages on board ship is givén in the Marine Observers’ 
Handbook (see Fig. 12): 


“ The instrument is attached to an iron frame, Fig. a, by two 
bands (bb) which encircle the cylinder, two tubes (tt) forming 
the sides of the frame. 

“A two-pronged fork of bar iron (pp) has an eye (e) formed in 
the bend of the bar, for use in securing an iron halyard block or 
gin (g) to the fork and the fork to the stay. 

“In Fig. 12, b, the rain gage is shown attached to its frame. 

“In the eyes | (e’e’) at the end of each prong of the fork a 1-in. 
steel-wire rope is spliced, to serve as guides to the gage, also as 
guys when necessary. 

“The fork is lashed to the stay, at a suitable distance from 
mast or funnel, at a height of from 20 to 30 ft. above the deck; 
the two guides are rove through their respective tubes and set up 
to eyebolts or other suitable fixtures on deck, perpendicular. 
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“‘ The rain gage is hoisted to the stay by a halyard, one end of 
which is seized to the lower cross-bar of the frame, the other end 
being rove through the block pendant from the eye of the fork, 
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Fic. 12. METHOD OF SUPPORT OF A RAIN GAGE ON BoarD SHIP. 
(a) Frame. (b) Rain Gage and Frame. (c) Rain Gage Hoisted to Stay. 


and led to the deck. The operation resembles that of hoisting a 
masthead lamp; the prongs of the fork running into the tubes, 
which form the sides of the frame, in a similar manner. 

““ When the frame is hoisted close up to the stay, the rim of 
the gage will be above it; thus the instrument will have a free 
exposure, Fig. c. 

“Should the gage require steadying when it is in its position 
and the guides are set up taut, the latter should be released, 
carried outward, and re-set up rather nearer the ship’s side.” 


It was early discovered (Heberden, Westminster Abbey, 1769) 
that rain gages above the ground and unprotected caught less 
and less rainfall as the height of the gage increased. In 1811, Luke 
Howard showed by experiment with rain gages placed on buildings 
and compared with those placed on the ground that the difference 
was due to the action of the wirfd. This matter will be discussed 
in a subsequent paragraph. 
In order to remedy this defect, where gages cannot be placed i 
at ground level, the use of garnitures and shields around the mouth 
of a gage was suggested, first by Thomas Stevenson in 1841. 
Later, Joseph Henry, in 1853, recommended the use of a horizontal 
circular time plate, 4 in. or 5 in. wide, and surrounding the gage 
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funnel. The most successful of shields thus far devised is that in- 
vented by Prof. F. E. Nipher, of St. Louis, in 1878. Fig. 14 
illustrates a gage equipped with a shield of the Nipher type. The 
deficiency of catch of an unprotected rain gage increases with the 
wind velocity, is greater in light than in heavy rains, and is greatest 
of all for dry snow. 

Wild, in Russia, in 1885, devised a rectangular wooden enclosure 
of wicker work, which has been used quite extensively in Russia. 
The following table shows the percentage of rainfall as determined 
by protected gages, which was caught by gages in St. Petersburg 
between 1891 and 1894. Unprotected gages are compared with 
gages with the Nipher and Wild shields respectively. 


Ratio — Unprotected Ratio — Unprotected 
Nipher Jacket. Wild Fence. 


, 7 or More | 7 or More 
Mean Wind Velocity.......... 0-3 Meters 0-3 Meters 
per Sec. per Sec. 


87% 40% % | 31% 
Wet snow........... 80% 86% | 80% 
Light 92% 90% 85% | 89% 
Heavy tar... 99% 99% 99% | 99% 


(British Rainfall — 1906.) 


In England the usual height of gage funnels is one foot above 
ground. In the United States, where snowfalls of two feet or 
more may occur, and on account of the likelihood of interference 
with ground or pit gages, it is customary to place the rain gage at 
somewhat greater height. Where a ground exposure is used, a 
height of funnel of 43 ft. is convenient, and is about the least 
which will insure against interference by children and animals. 

According to the instructions to observers of the British Rainfall 
Organization: 


“ Site. A rain gage should be placed on a level piece of ground, 
not upon a slope or a terrace, and certainly not upon a wall or 
roof. It should be at a distance from every object higher than 
itself, and should never be nearer to a wall or house than a dis- 
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tance equal to the height of that object, nor nearer to a growing 
shrub or tree than a distance equal to twice that height. Care 
should be taken to keep flowers or vegetables away from the gage 
for a distance of at least three feet all around. If a perfectly 
open site cannot be obtained, shelter is least harmful on the 
northwest, north and east: but the exposure to southwest and 
northeast should always be free. The height above sea-level 
should be determined, if possible, by leveling from the nearest 
bench mark. The approximate height may be easily ascertained 
in most cases by reference to the maps of the Ordnance Survey. 
A specific name should be selected by each observer for his sta- 


tion.” 
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Fic. 138. CLotH WIND SHIELD. Fic. 14. SHIELDED SEASONAL 
Snow GAGE. 


“ Mountain and Moorland Sites. Care should be taken that 
mountain and moorland gages are not unduly exposed to the 
sweep of the wind. A level patch of ground or a very slight hol- 
low should be selected, and a turf wall, about 2 ft. high, surround- 
ing the gage at a distance of from 6 to 10 ft. is reeommended.”’ 

“ Height Above Ground. The funnel of a rain gage should be 
set exactly level, and at a height of 1 ft. above ground. If the 
gage is surrounded by long grass, or likely to become so, the 
height may be as much as I ft. 6 in., but it should never be more.” 
(British Rainfall — 1906.) 
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“Tf an elevated rain gage is surrounded by a fence or enclosure, 
the top of which is the same height as the mouth of the rain gage, 
and 2 or 3 ft. away from it, the disturbance produced by the wind 
is greatly reduced, and fairly accurate readings can be secured.” 
(British Rainfall — 1910, page 75.) 

The “pit gage” recommended by Symons, stands in an open 
field at the center of a slight depression of a yard or more in radius. 
The pit is so hollowed out and the earth is thrown up in a circular 
ridge on the outside of the pit that the mouth of the gage is on a 
level with or slightly below the rim of the pit. 

Fig. 13 illustrates a rain-gage shield of much simpler construc- 
tion than the Nipher shield. The results obtained with its use 
have not been reported. In the United States it is customary, 
where gages are placed at ground level, to select a location where 
there are low shrubs or fences having heights about equal to the 
height of the gage funnel above ground, and at a little distance 
from it. There should be no taller objects, such as a tree or 
building, nearer to the gage than a distance equal to the height of 
the object, or, preferably, at a distance not less than twice the 
height. 

SNOWFALL MEASUREMENT. 


The actual measurement of precipitation falling as snow in- 
volves so much more difficulty than the measurement of rain as 
to deserve some special consideration. While an ordinary over- 
flow can of the ordinary Weather Bureau rain gage is commonly 
used to catch snow, the amount of which is determined in terms 
of equivalent water depth by methods already described, this 
procedure is far from satisfactory. As already pointed out, the 
deficiency in catch of a rain gage is much greater for snow than 
for rain. The effect of a combination of wind and snow on the 
catch of an ordinary rain-gage overflow can is shown by Fig. 15. 
In the storm in which this sketch was made, and which occurred 
December 26, 1913, at Albany, N. Y., the amount of precipitation 
as determined from the snow caught in the gage can was 0.43 in., 
whereas the actual precipitation as determined from a sample of 
the undrifted snow on level ground was 1.41 in. 

To avoid errors of this kind, the United States Weather Bureau 
recommended that, in case of snowfall or windy days, “‘ the true 


uF - 
i 
| 
~ 
| 
| 
i 
| 
| 


Se THE MEASUREMENT OF RAINFALL AND SNOW. 


quantity must be found if possible by measuring a section of the 
freshly fallen snow cut out by forcing the overflow mouth down- 
ward through the layer, and then slipping a thin board or sheet of 
metal underneath so as to separate and lift up the section of snow 
thus cut out.” Needless to say, the sample should be taken in 


Fic. 15. AcTION OF SNOW OR Fic. 16. SECTION OF FRESH 
RAIN GAGE. SNOW SAMPLER. 
Arrows show path of snowflakes. 

a protected place where drifting does not occur. (Measurement of 
Precipitation, Instrument Division, U. 8S. Weather Bureau, 
Bulletin No. 18, p. 9.) 

Modified methods and a special form of overflow can, for use in 
taking samples of snow on the ground, have been devised by the 
writer. The snow sampler is illustrated by Fig. 16. 
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A New Snow SAMPLer. 


The edge of the galvanized rain-gage can is not sharp or stiff 
enough to retain its circular form with certainty when thrust 
down through deep snow. A special can with a reinforced cutting 
edge chamfered on the outside and inserted in the mouth of the 
can will reduce the friction and facilitate obtaining an accurate 
sample. This can should have a brass drain cock at the closed 
end, this cock to be opened when taking a sample so as to permit 
air to escape and prevent the snow being forced out while taking 
a deep sample by the compression of air in the can. Another 
advantage of a can with a drain cock is that when the sample is 
melted with hot water it can be drained out, thus avoiding the diffi- 
culty of pouring water from the large can into the brass tube with- 
out spilling. The closed end should be preferably made funnel- 
shaped, with a large, straight-way water cock similar to the bottom 
of the Friez tipping rain gage. A tight-fitting cover for the open 
end is also desirable. This may be placed on the can immediately 
after the hot water is added, and the can set in a warm place, if 
necessary, to complete the melting of the snow. Cover will 
prevent appreciable evaporation loss. 

This snow sampler can be used either for freshly fallen or ac- 
cumulated snow. It is also intended to replace the ordinary 
overflow can of the rain gage, but when so used the bottom ring of 
the gage funnel must be enlarged to fit over the brass cutting edge 
of the sampler. When used as an overflow, the drain cock prevents 
loss by spilling, and is a great convenience. The conical base 
reduces danger of breakage by freezing. 

Select a level space surrounded by shrubs or sparse trees. 
The open space or clearing should be 50 to 100 ft. or more in di- 
ameter, depending on the height of the shrubs or trees. Asa rule, 
snow will not drift nor be blown away near the middle of such a 
park or open space. In selecting the spot for snow measurement 
it is preferable to observe the conditions for a year in advance 
of its use. When snow falls at an angle, as it commonly does, a 
tree shadows the ground for some distance to the leeward and 
prevents the full depth of snow from reaching the ground. The 
spot chosen for making measurements must be sufficiently remote 
from all trees to avoid an error from this source. 
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Before the first snowfall, place on the ground a sheet of very 
thin board — plaster board or beaver board answers well. On the 
upper surface there should be secured by thumb tacksat the corners 
a sheet of white cloth with a rough surface — white flannel is good. 
The position of the board may be marked by two or three stiff 
wires stuck into the ground at a little distance from the board. 
When the first snowfall comes, a special snow can, described above, 
may be inverted over the cloth and pressed down firmly, rotating 
it slowly as it is pressed down. Then the remaining snow should 
be brushed off from the cloth, the board lifted, at the same time 
lifting and inverting the can with the board over its mouth. Hav- 
ing shaken the snow down into the galvanized can, the sample 
may be reduced to slush or water by adding a measured volume 
of hot water and then measuring in the brass rain-gage tube in 
the usual manner used for rainfall and deducting the equivalent 
of the hot water added. 

After a measurement, the flannel cloth is, if necessary, dried, 
retacked on the snow board, and the snow board placed on the 
surface of the newly fallen snow where the snow is undisturbed, 
the board being pressed down just sufficiently so that the cloth 
surface is flush with the snow surface. The snow board should be 
inspected every day whether it snows or not, so as to keep its 
surface flush with the snow surface at all times. 

The use of a cloth is twofold. (1) It provides a surface with 
friction conditions much more closely resembling those of snow 
than could be obtained by the use of the board alone. (2) It 
provides a surface as nearly as can readily be obtained, equivalent 
to a snow surface in its capacity to absorb and radiate heat, and 
so prevents loss by melting when snow falls in relatively warm air. 


MEASUREMENT OF ACCUMULATED SNow. 


The water equivalent of accumulated snow on the ground at 
any given date is an important factor in relation to the water 
supply available to fill reservoirs, provide water for public usage, 
or irrigation, or to produce floods. In order to obtain data from 
which the available water supply of the coming spring may be 
estimated in advance, snow surveys have been extensively carried 
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out, especially in the Rocky Mountain region, during the past 
few years. 

Methods of the accurate measurement of snow in the mountains 
where it sometimes accumulates to a depth of 20 ft. or more have 
been developed, but no attempt will be made here to treat those 
methods in detail. It is not a difficult matter, with proper ap- 
paratus, to keep a record, say, once a week of the water equivalent 


a 


rie 
Fic. 17. Mt. RosE SNow SAMPLER. 


of accumulated snow on the ground; and such a record, in con- 
junction with an ordinary record of rainfall and snow, will afford 
a valuable check on the latter, and furnish useful information 
besides. 

Among the earliest records of accumulated snow and its water 
equivalent kept in the United States were those kept by Charles 
A. Mixer, at Rumford Falls, Me., in 1901 to 1903, and by the writer 
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at Utica, N. Y., in 1903 and 1904. Apparatus for snow sampling 
and weighing developed at Utica formed a pattern for subsequent 
improved apparatus of the United States Weather Bureau. Figs. 
17 and 18 illustrate snow-sampling tubes, measuring staffs, and 
weighing scales of the most improved type. 

Before leaving this subject, it may be noted that there is a 
popular opinion that 1 in. of rain is equivalent to 10 in. of snow, 
and a method of estimating precipitation in the form of snow, 


c 


DETAIL OF AUGER, 
MANE OF GAL IRON(065) 


GRADUATIONS 


ASURING STICK COMBINED. 


D Wav D, }. 


AUGER AND mE 
STICK OF 
IN INCHES 


Fic. 18. THE KADEL SNOW SAMPLER. 


consisting of first measuring the snow and then dividing the 
depth by 10 in., is sometimes used. This method is unreliable. 
The water equivalent of freshly fallen snow varies to a consider- 
able degree. It may range from 1 in. of water to 6 in. of snow, 
for moist or dense snow, when the air temperature is around the 
freezing point, to 1 in. of water for 10 or 12 in. of snow at lower 
temperature. Furthermore, these rules do not apply at all to the 
accumulated snow, the water equivalent and density of which 
nearly always increases as winter advances. Commonly, deep 
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snow lying on the ground for some time will have a density of 0.25. 
to 0.40, or a water equivalent of 1 in. for 2} to 4 in. of snow. 


RAINFALL DurATION REcorpDs. 


Reliable records of rainfall duration are much needed for use 
in various hydrologic problems, and more attention should be 
given to the subject of rainfall duration. Records of rainfall 
duration can, however, generally only be obtained by the use of q 
recording gages, and these for reasons already pointed out are 
not wholly satisfactory for determining the duration of very 
light rainfall. 

For the purpose of accurately determining rainfall duration, 
an instrument, which I think may be properly termed an “ ombro- 
scope,” has been devised by Dr. O. L. Fassig. In this instrument, 
a sheet of sensitized paper is drawn slowly past an opening by 
means of clockwork. When it rains, however lightly, some of the 
drops are quite certain to strike the opening and produce blotches 
on the sensitized paper, making an autographic record, a sample 
of which is shown in Fig. 19. 


READING AND INSPECTION OF RAIN GAGES. 


The rule of the British Rainfall Organization is that readings 
should be taken at 9 a.m. In the United States there is no uni- 
form practice as to the time of reading rain gages. The rule for 
codperative observers is that the gage should be read at 8 P.m., 
75th meridian time — however, many voluntary observers appar- 
ently read their rain gages at 5 or 6 p.m. At the regular Weather 
Bureau stations where recording gages are maintained, the pub- 
lished daily rainfall for twenty-four hours is from midnight to 
midnight. At many codperative stations maintained by water- 
works officials and others, rain gages are read in the morning. 
This diversity of practice leads to some inconvenience, where, 
as is often the case, it is desired to compare the amount of rain in 
the same storm or on the same day at different near-by stations. 

It seems desirable to conform as closely as possible to the rule 
that the rainfall reported for a given day should be for the period 
from midnight to midnight. Readings taken in the evening, 
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especially those taken at eight o’clock, will compare better with 
midnight readings, as a rule, than those taken on the following 
morning, and there is also'less liability of confusion regarding 
the actual day on which the greater portion of rain fell. 

On the other hand, evening readings are subject to the objection 
that throughout the winter period they must be taken after dark. 
It is not always the rule but it is always desirable that a rainfall 
observer should inspect his gage at a regular hour every day,’ 
whether any rain falls or not. If this is not done, some slight 
showers are pretty certain to be missed, or included in the next 
subsequent heavy rain. 

With regard to accuracy there is a great difference in observers. 
An observer should be instructed to report the measured amount 
of rain to the nearest hundredth inch shown on the cedar measuring 
stick. If not specially so instructed, the observer is likely to al- 
ways report the number of hundredths wholly covered by the 
wetted portion of the stick. In this way the records will contain 
a small but appreciable error, since, for example, all rainfalls 
between 1.50 and 1.51 in. will be reported as 1.50. If there are 140 
rainfalls in the year, the annual error will amount to a total 
of .7 in. 

One of the easiest ways to determine the care with which an 
observer is keeping his records of rainfall is to notice the frequency 
with which he records traces. At any given location, the number 
of traces of rain (meaning by trace a rainfall less than 1/100 in.) 
bears a fairly constant ratio to the number of rainfall days. Some 
observers will be found to omit traces altogether, others record any 
small amount of rain a trace, and there will be a notable deficiency 
of measurements of precisely 1/100 or 2/100 in. This condition of 
affairs invites a strong suspicion that the observer does not read 
the gage for light rainfall, but simply records a trace. The above 
remarks point to the necessity of regular and careful inspection of 
rain gages. 

It is also greatly to be lamented that Congress has not seen fit 
hitherto to provide funds for the regular inspection by Weather 
Bureau officials of voluntary and coéperative rainfall stations. 
Pending such provision, those interested in accurate rainfall rec- 
ords may render a valuable service by taking the trouble to 
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examine any Weather Bureau rain gage they encounter, noting the 
setting and condition of the gage, interrogate the observer as to 
his methods, and report the result to the Weather Bureau officials. 
Regular inspection of rain gages maintained by water-works 
organizations is equally needful. 

A rain gage should always be initially located, or any change 
of location made, by an experienced man. If a change of location 
is necessary, it is very desirable that a gage should be maintained 
in the original location, and another one in the new location, and 
the records kept simultaneously for one or two years. Con- 
tinuity of rainfall records greatly facilitates their use. A slight 
change in the location of a gage may or may not materially affect 
the results. This fact can be determined by a comparison of 
gages running in parallel. 

Freedom from interruption is also of great importance. Any 
user of rainfall records knows how troublesome it is to find missing 
months or years just at the critical time in an important rainfall 
record. Such omissions can generally be supplied in a fairly 
reliable manner by methods which need not here be described. 
A patchwork record is, however, never quite as satisfactory as 
one that is complete and homogeneous. It is often desirable to 
instruct two observers at each location, one to act as a substitute 
in case the other is unable to take the readings for any reason. 
It may be remarked in passing that women very often make better 
rainfall observers than men. 


Best S1zE AND Type oF RAIN GAGE. 


The rain gages now in general use are either 8 or 5 in. in diameter. 
The Friez recording gage has a 10.5-in. funnel. Gages with 3-in. 
funnels were formerly sometimes used. The results of some of 
the more recent experiments as to the relative amount of rain 
caught by gages of different sizes and types are described in the 


following paragraphs. 


Hellman’s Experiments. 


The results of Hellman’s experiments in 1886 and 1887 are 
shown in the accompanying tables Nos. 1 and 2. The gages were 
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TABLE 1. 


HELLMAN’s CoMPARISON OF RAIN GAGEs. 


Catch 


Actual Diameter. | June, 1886 — | Per Cont 
No. Name | of Gage 
| | | No. 11. 
| | M.M. Inches. | M.M. | Inches. 
qd) | (2) (3) (4) | ©) & 
(Von Besold. 252.19 9.936 279.8 11.024 96.5 
2 {Von Besold......... 252.30 9.941 280.3 11.044 96.7 
252.13 9.934 287.7 11.335 99.2 
224.85 8.859 285.9 11.264 98.6 
195.20 7.691 285.6 11.253 98.5 
159.65 | 6.290 288.0 | 11.374 99.3 
7 {Hellman (Conical). ..| 159.74 6.294 285.4 11.245 98.4 
10 |Assman (Conical)....} 252.62 | 9.953 285.6 | 11.253 98.5 
| oe 113.55 4.474 290.0 11.426 100.0 


TABLE 2. 


NuMBERS OF GAGES GIVING MaximuM AND MINIMUM IN EACH MONTH AND 
RANGE OF DIFFERENCE IN PER CENT. oF CatTcH BY GAGE No. 11. 


| 


Month. | Max. | Min. Per Cent. 
dune, 1886. ........ No. 11 1 5.6 
8 and 9 4.5 
11 2 and 8 6.1 
September........ 3 and 4 1 and 2 23 
11 1 6.6 
November........ 11 1 and 7 6.1 
December, 1886. . . 9 1 and 2 t2 
January, 1887.... 8 and 11 9 11.1 
February.....:... 7 and 11 9 and 10 4.1 
March, 1887...... 6 8 4.3 


| 
: 
— 
| 
woe Total....... | ul | 1 | 3.5 | 
fi 
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set on level ground in a circle 14 meters between gages, with the 
gage funnels all 11 meters (4.10 ft.) above ground. They were 
surrounded by low trees and shrubs at a distance. They were 
all cylindrical gages except Nos. 7 and 9, which had conical funnels. 
The Von Bezold gage had a splayed rim flanging downward and j 
outward from the edge of the funnel on the outside. The gage of : 
smallest diameter, except one, gave the largest catch; and the . 
smallest gage caught more than the largest. The range of error 
was largest in the winter months. 


The Philadelphia Rain-Gage Experiments. 


In connection with the Bureau of Water, Philadelphia, an 
automatic gage having a collector 223 in. in diameter was used. 
As there was diversity between the results shown by different 
gages, experiments were carried out to determine the effect, if 
any, of variation in diameter. John E. Codman. (Report, Bu- 
reau of Water, Philadelphia, 1891, p. 301.) 

The following tabulation contains the results of these experi- 
ments on similar gages of various diameters exposed at the same 
height. 


Brass Knire-EpGe Rim GaGeEs. 


Phameter, Inches 2 4 5 6 8 12 24 
Catch, relative to 24-in. gage...... 93 96 100 99 102 102 100 100 
Catch, relative to 8-in. gage....... 91 94 98 97 100 100 98 98 


If it is assumed that a gage cannot catch more than true amount 
unless from outside causes, these data seem to indicate that 8 in. 
is the optimum size. 


The Ithaca Rain-Gage Experiments. 


Experiments on different types of gages hitherto used in the 
United States were made at Ithaca, N. Y., by Alfred M. Wilson, 
during the years 1908, 1909, and 1910, for the New York State 
Conservation Commission. The gages used were of the Smithso- 
nian, Fuertes, and DeWitt conical pattern, and they were com- 


: 
j 
; 
i 


HORTON. 43 


pared with a standard United States Weather Bureau gage. 
These gages are illustrated by the accompanying Figs. 2, 3, and 4. 
One each of these gages was placed on the ground and one of each 
at an elevation of 10 ft. above ground. The experiments were 
carried on throughout the open season only. The results, ex- 
pressed in inches and in percentages of the catch by the United 
States Weather Bureau gage, are summarized in the accompany- 
ing table No. 3. 


TABLE 3. 


IrHaca EXPERIMENTS ON RAIN GAGES. 


On Ground. 10 Ft. above Ground. 


S. Weather Bureau || 
8-in. Gage. 


Conical. 
Conical. 


| 
| 
| 


Smithsonian. 
Smithsonian. 


U. 
DeWitt 
Fuertes. 
DeWitt 


| 


CatcH IN INCHES. 


May — Nov., 1908. .| 18.84 | 19.48 | 19.66 | 18.75 | 20.08 | 19.97 | 18.03 
Apr. — Oct., 1909... 18.68 | 18.68 | 18.67 | 18.16 19.40 | 19.17 | 18.20 
Apr. — Oct., 1910...! 20.74 | 20.11 | 20.86 | 19.67 | 21.14 | 21.81 | 20.16 


| 


58.26 | 58.27 | 59.18 | 56.58 | 60.62 | 60.95 56.39 
| 


PERCENTAGES OF U. S. WEATHER BuREAU GAGE. 


May — Nov., 1908. .| 100.0 | 103.4 | 104.4 | 99.5 | 106.6 | 106.0 | 
Apr. — Oct., 1909. ..| 100.0 | 100.0 99.9 97.2 | 103.9 | 102.6 
Apr. —Oct., 1910...| 100.0 97.0 100.6 | 94.8 | 101.9 | 105.2 


104.1 104.6 


These experiments indicate that the three early types of rain 
gages experimented upon give results within 5 per cent. of those 
obtained from a Weather Bureau gage. If the assumption often 
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Mean..........| 100.0 100.0 101.6| 971 96s \ 
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made, that a gage cannot catch more than the true amount of 
precipitation, were correct, then it would appear that the Smith- 
sonian and Fuertes gages must be superior to the Weather Bureau 
gage. This conclusion is not necessarily correct. It is undoubt- 
edly true that the eddies caused by the wind striking a rain gage, 
at least a cylindrical gage, tend to blow rain, and especially snow, 
away from the gage; but it is also true that if wind action 
‘auses precipitation less than the true amount in one place, the 
deficiency there must be distributed as excess over some other 
area, and eddies around the outside of a gage may possibly cause 
an excess catch of rain in the gage itself in the case of conical or 
other non-cylindrical gages. 

Whether or not the conical gages, here ex. perimented upon, oper- 
ated so as to carry into the gage rain in excess of the true amount 
cannot be stated. 


Rothamsted Rain-Gage Experiments. 


For several years, 5-in. and 8-in. rain gages have been main- 
tained in conjunction with a gage of one-thousand-acre area at 
Rothamsted experiment station in England. The results are 
shown in table No. 4. Taking the catch of the one-thousand-acre 
gage as unity, the relative amounts are as follows: 


Considering all the experiments cited, it cannot be definitely 
stated which is the best type or size of gage. There are, however, 
good reasons for the preference of the gage of cylindrical form. 
And when gages of similar form are compared it appears very 
probable that the one giving the largest catch is most nearly cor- 
rect. Similar cylindrical gages were compared in the Philadelphia 

: experiments, and these indicate that a diameter of 8 inches is to 
be preferred; while the Rothamsted and Ithaca experiments and 
those of Hellman afford some rather strong evidence that an 8-in. 

cylindrical gage shows about 5 per cent. less than the true pre- 

cipitation. 
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The experiments relate mostly to the catch of rain, and, as else- 
where pointed out, much larger errors may occur in the catch of 
snow. The writer is not ready to accept definitely the conclusion 
that an 8-in. cylindrical gage catches 5 per cent. less than the 
true amount of rain when properly exposed, but in view of the 
evidence presented the matter seems worthy of still further careful 


TABLE 4. 
CoMPARISON OF ROTHAMSTED RaIN GaGEs. 


Water Year — (September — August, inclusive.) 


1 


5-In. Gage 8-In. Gage Tooo “cre Gage 


(2) | (3) 


31.66 | 30.55 
33.69 | 32.98 
25.29 | 24.44 
25.90 | 25.42 
29.46 29.08 
22.63 | 22.29 
29.11 | 28.82 
28.79 | 28.57 
26.73 | 26.30 


experimentation. In the Ithaca and Hellman experiments the 
gages were not shielded, nor were they at ground level. In the 
Rothamsted experiments the small gages were one foot above 
ground. Dr. H. R. Mill, and others in England, have found that 
a rain gage catches about one per cent. less than the true rainfall 
for each foot of height of the funnel above ground. ' Accordingly, 
all the gages in the Ithaca and Hellman experiments probably 
show less than the true amount of rainfall; but since all gages were 
at the same height, the reason why some caught more than others 
remains unexplained. 


| 
— 1881-2 | 32.31 | 
1882-3 | 34.71 
1884-5 | | 26.78 
1885-6 | 31.02 
: 1886-7 | | 23.61 
1887-8 | 30.50 
1sss-9 30.09 | 
1889-90 | 27.43 | 
Total 353.26 248,25 262.22 
| 
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Errect oF WIND AND ExposuRE ON AccuRACY OF RaIn GAGES. 


This matter has already been referred to, but may properly 
be presented in somewhat greater detail. 

The table No. 5 shows the results of a comparison of several 
gages at different altitudes for a period of seven years, from ob- 
servation at the Royal Observatory, Greenwich, England. These 
data show a consistent decrease in catch with increased altitudes. 
The results also show slight difference in the catch of identical 
gages at ground level. The results of a series of observations 
with rain gages at different altitudes at Philadelphia are contained 
in table No. 6. Here again is found a somewhat irregular decrease 
in the amount of catch as the height above ground is increased. 
The experiments were conducted by Mr. John E. Codman, and 
the results are contained in the reports of the Bureau of Water at 
Philadelphia for the years 1891 to 1895 inclusive. 

The gages were freely projected from a common mast on radial 
arms 10 ft. in length and on different sides of the mast, as indicated 
in the table. The mast was only 8 in. in diameter, yet rain gages 
on the windward side caught appreciably more than those on the 
leeward side. 

The following discussion of the effect of wind on the catch of 
rain gages is adapted from a paper by Dr. Cleveland Abbe (Bulletin 
No. 7, U.S. Weather Bureau, Forest Influences) : 


“In the case of ordinary rainfalls we invariably have the air 
full of large and small drops, including the finer particles that 
constitute a drizzling mist and the fragments of drops that are 
broken up by spattering. All these are descending with various 
velocities, which, according to Stokes, depend on their size and 
density and the viscous resistance of the air; the particles of hail 
descend even faster than drops of water and the flakes of snow 
descend slower than ordinary drops. Now, when the wind strikes 
an obstacle the deflected currents on all sides of the obstacle move 
past the latter more rapidly; therefore the open mouth of the 
rain gage has above it an invisible layer of air whose horizontal 
motion is more rapid than that of the wind a little distance higher 
up. Of the falling raindrops the larger ones may descend with a 
rapidity sufficient to penetrate this swiftly moving layer, but the 
slower falling drops will be carried over to the leeward side of the 
gage, and failing to enter it will miss being counted as rainfall, 
although they go on the ground nearby. . 
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“The action of the wind in blowing the precipitation over to 
the leeward of the gage depends on velocity rather than on the 
square of the velocity of the wind and of the raindrop, and it is 
aggravated by the formation of whirls or eddies within the gage 
itself by reason of which light and dry snowflakes are even whirled 
out of the gage after being once caught in it. Similar remarks 
apply to the rainfall on the top of a large square building with a 
flat or depressed roof; not only does the top as a whole receive 
less than an equal area at the ground, but the distribution of rain- 
fall on the roof is such that the least rain falls on the windward 
portion and the most on the portion to leeward, while somewhere 
on the roof will be found a region whose average rainfall coincides 
with that on the ground. But the location of this region will 
vary with the direction and strength of the wind and the quality 
of the precipitation, so that we have but little assurance that any 
single rain gage on the roof will represent the rainfall on the 
ground. ... 

“Tf properly protected from the wind, a gage placed at any 
altitude below the cloud level will unquestionably catch as much 
rain as one placed at the ground surface — in fact, if there is 
any difference, the catch at higher altitudes should in most cases 
be slightly greater, since the ordinary conditions while rain is 
falling, especially if there is wind, will generally permit of slight 
evaporation from the falling drops. . 

‘“* However, it is increasingly difficult to shield a gage against 
wind action as the altitude increases, since experiments at Phila- 
delphia and elsewhere have shown that the shield itself, if of im- 
proper form, may, by forming eddies, decrease the amount of rain 
entering the gage.” 


United States Weather Bureau rain gages are commonly placed 
on roofs of buildings, especially in cities. 

A. J. Henry (“ Rainfall of United States.’”’ Report of Chief of 
Weather Bureau 1898, pp. 318-19) notes the larger catch observed 
near the ground compared with the Weather Bureau gages on 
buildings as observed at St. Louis and Philadelphia, and also the 
apparently contradictory comparison of the Lower Broadway gage, 
150 ft. above the ground, and the Central Park gage, in New York. 

Henry says: 

“Tt does not seem possible to avoid the conclusion that the 
absolute amount of precipitation as registered by the Weather 
Bureau gages, when placed on high buildings, falls short of the 
true amount by quantities varying from 5 to 10 per cent. of the 
true rainfall.” 
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McAdie (Aérography, p. 210) concludes that the catch of rain 
gages exposed on the roofs of tall buildings in cities where they are 
almost inevitably subject to wind eddies is too low. He estimates 
that the recorded rainfall in most American cities where these 
conditions exist as differing by 30 to 40 per cent. from the amount 
which could be collected by a gage on the ground. The author 
does not concur in this conclusion. 

There are some cities, as Providence, for example, where such 
differences certainly exist, but in many other places with rain 
gages on roofs there is no evidence of deficiency. 

From an analysis of 23 records in various places covering an 
aggregate of one hundred and thirty-five years at various places, 
showing the relation of the catch of gages at various altitudes to 
a normal pit gage, Abbe deduced the formula: 


Percentage deficiency =3.32 


where H is the height of gage above ground in feet. 

This gives very good agreement with the observed values. 

It relates to relatively unprotected gages,—not to gages 
shielded by the parapet walls of buildings, as are most United 
States Weather Bureau gages. 

In general, if a gage is under suspicion from wind action, it is 
best to determine the necessary correction from direct observation 
by Abbe’s method described below. This requires the use of a 
second gage for comparison. 

Assuming that the effect of wind is proportional to its velocity 
and that the velocity varies as the square root of the altitude, 
then for any single storm,— 
Co = 
Where c: and c are the actual amounts caught by gages at 
heights H; and He, R is the true precipitation at ground level, 
and x is an unknown wind factor — eliminating x and solving 
for R, we have — 

R=a+N (ci—c), 
where [He _ 1. 


The following table gives values of the factor V. 
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There is another aspect of the relation of air currents to rainfall 
measurement. It has to do with the general location and topo- 
graphic surroundings of the rain gage rather than with the details 
of exposure of the gage. 

In any given locality the prevailing rain-bearing winds usually 
come from some particular quadrant. In New England and east- 
ern United States generally, the direction of wind during rain 
usually ranges from east or southeast to southwest. A hill, large 
building, grove, slope, or valley may produce local eddies or cur- 
rents in rain-bearing winds so that the rain over a particular small 
space may be constantly less than or greater than the true amount 
in almost every storm. As a rule, an ascending air current at 
the surface will prevent the full amount of rain:'reaching the ground. 
An eddy with a vertical axis will often prevent the full amount of 
rain reaching the ground in its interior, but will deposit more than 
the true amount around its circumference. An eddy with a hor- 


izontal axis will often prevent the full amount of rain reaching the 
ground on the ascending side and will precipitate more than 


the true amount on the descending side. 
The following table illustrates differences of this kind: 
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TABLE 8. 


CoMPARISON OF THREE Ratn GaGes, Horton Hyproiocic LABORATORY. 
August — September, 1918. 


Tipping | Erwin’s 
Bucket No. 1. | No. 2. 


Note: Readings taken at 7 a.m. 


The three gages referred to are located at the writer’s laboratory 
near Albany. 

No. 1 is a Friez recording gage near the crest of a hill on the 
north side of a deep ravine. Nos. 2 and 3 are standard Weather 
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Nord 

Date. No. 3. 

() (2) | (3) | (4) 

August 55 52 | 59 

ll | 13 13 

8 | 01 | 01 | 01 

oe 9 | 03 | 04 04 

10 | 27 | 28 | 28 

11 | 49 AT AT 

25 | 1.50 1.48 1.60 

27 | 01 | | 01 

29 12 | 10 12 

30 | .25 25 .28 

. September 1 | 1.33 | 1.21 | 1.36 | 

9 | 06 | 06 | 06 | 

12 | 03 02 | 03 

13 58 | 5A | 62 

14 .09 09 09 
; 16 01 | 01 01 

06 06 | 06 

19 63 65 66 

20 | 12 13 

81 83 .90 

24 | 08 | 08 09 

25 | 03 02 

26 | 1.13 | 1.10 1.21 

| 62 62 70 
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Bureau 8-in. gages. No. 3 is located about 500 ft. west of No. 
1 on low, gently sloping ground, 50 ft. north of the border of a 
mill pond. No. 2 is located about midway between the others 
but on the south side of the ravine, opposite the foot of the pond 
and south of a grove of large hemlocks which border the south side 
of the ravine. The gages were all read at the same time and by 
the same observer, and are all at a height of about 3.5 to 4.5 ft. 
above ground. No. 3 gage shows, however, a greater catch than 
the others in the majority of cases. 

If a gage is on level ground, remote from trees or buildings, it 
will usually be subject to somewhat severe wind action, and usu- 
ally precautions are necessary to provide a proper exposure and 
shield the gage. If the ground is generally rough or rolling, or 
the gage is in a built-up district, the wind action may be less 
severe, but an intelligent and careful study of the situation is 
necessary to select a location such as to avoid local eddies. No 
very general or definite rules can be given as to the selection of a 
gage exposure in the latter case. Good judgment, preferably 
trained by experience, must be depended upon to afford the best 
solution in each instance. In studying a situation of this kind, 
the prevailing direction from which rain-bearing winds will come 
and the probable effect of irregularities of the ground, or of trees 
or buildings, in producing eddies, should be carefully studied. 
In general, a gage should not be placed either in the crest of or in 
the lee of a ridge running at right angles to the direction of rain- 
bearing winds. 


Errors OF RAINFALL MEASUREMENTS. 


The usual errors to which rainfall records are subject include, — 


Observation errors, personal equation, and mistakes. 
Instrumental or ratio error. 

Errors due to evaporation. 

Errors due to inclination of the gage dati 

Wind or exposure error. 

Location error. 
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Observational Errors. 


The most usual observation error arises from recording the 
nearest hundredth inch less than the true amount, and from count- 
ing as traces all quantities less than .01 inch. If the observer will 
follow the rule of recording the nearest hundredth inch, whether 
greater or less than the true amount, and of counting as .01 inch 
any quantity greater than 0.005 in. and less than 0.015 in., this 
error will be wholly obviated. As to mistakes, — those of excess 
are apparently as likely to occur as those of deficiency. 


Instrumental Errors. 


In the Standard Weather Bureau Rain Gage the cross-sectional 
area of the measuring tube, when containing the cedar gage stick, 
should be precisely 1/10 of the area of the gage funnel. If the ratio 
of these areas is not precisely one to ten, an accumulative error 
in the records will result. Such a condition is sometimes found, 
especially in old gages, due to bending or battering the rain-gage 
funnel. A similar error will result if the measuring stick is not 
correctly graduated. 

If the diameter of the measuring tube and the graduation of the 
measuring stick are correct, but the rain-gage funnel is too large or 
too small, then the error in the result will be 


dA 2-nxrdr 2dr 

Error = —- = = 

A rr 

When A and 7 are the true area and radius and dA and dr the error 


in area or radius, then for r=4 in. for a diameter of 8 in.: 


If dr=0.01 in., error =0.0025 
0.02 0.005 
0.03 0.0075 
0.04 0.01 
0.05 0.0125 
0.10 0.05 


Evaporation Loss. 


The effect of evaporation is to make the measured less than the 
true precipitation. The evaporation loss is of two kinds: 


4 
v9 
} 
| 
{ 
¥ 


56 THE MEASUREMENT OF RAINFALL AND SNOW. 


lst. From the water contained in the inner gage tube. 

2d. Water remaining on the inner surface of the gage funnel 
after the rain has ceased. 

Evaporation from the inner tube takes place from the time 
rain begins until the time of measurement. The average time 
from the end of the rain until the measurement is made is twelve 
hours, and the average duration of rain on a rainfall day is com- 
monly from three to five hours. The average time during which 
evaporation occurs may be taken as fourteen hours per rainfall 
day. The average rate of evaporation on rainfall days, as shown 
by numerous experiments, is about three fourths the average rate 
of evaporation for all days at the same place and season of the year. 

In a case of a United States Weather Bureau rain gage, vapor can 
escape only from the 3-in. orifice in the gage funnel. An experi- 
ment by the writer showed that with 10 in. of water in the inner 
tube of a Weather Bureau rain gage there was a loss of only 1/10 in. 
actual depth, equivalent to .01 in. depth of rainfall, for a period 
of seven days, with a constant temperature of about 70 degrees. 
At this rate the total loss for a year of 140 rainfall days at fourteen 
hours per day would be only about 0.12 in. There would probably 
be but few instances when this loss would cause the observer to 
record an amount .01 in. less than would have been recorded if 
no evaporation took place. The loss from this source is negligible. 

The drops and film of water remaining in the funnel after the 
end of the rain and after all the water which will drain out has 
entered the gage, were found by the writer to have a weight of 
about 1/10 oz. This is equivalent to a depth of 0.0034 in. of rain. 
This for one hundred showers a year would be equivalent to 0.34 in. 
This loss does not occur in the measurement of snow by the usual 
methods. Here, again, there would be but few instances when 
effect of this loss would cause the observer to record an amount .01 
in. less than the true amount. 


Inclination Errors. 


Rain gages not regularly inspected are sometimes found stand- 
ing with their funnels exposed at an angle to the horizontal. This 
angle may be as much as ten or fifteen degrees. If the rain falls 
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vertically an inclined gage always catches less than the true amount. 
If a is the angle of the gage to the horizontal, the ratio of the 
amount caught to the true amount, in this case, will be as cos a to 
one. The error for various inclinations is as follows: 


5 degrees......... 4 per cent. 
10 degrees. .......1.5 per cent. 
15 degrees. .......3.4 per cent. 


Rain ordinarily falls at an angle to the vertical of about one or 
two degrees for each mile per hour, wind velocity; the larger angle- 
wind ratios occur with small raindrops. The effect of inclination 
of a rain gage depends on the direction in which it is inclined rel- 
ative to the direction of the rain-bearing wind. If the inclination 
of the gage is toward the wind and is !ess than twice the inclination 
of the rain, the gage will catch more than the true amount. If 
the gage is inclined away from the wind it will catch less than the 
amount for a horizontal gage. In a more general case where the 
rain comes with a wind not blowing parallel to but at a horizontal 
angle to the direction of the slope of the gage, let s be the angle of 
slope of the plane of the gage rim in the direction of the wind, s 
being negative if the gage is inclined away from the wind. Let b 
be the horizontal angle between the wind direction and the direc- 
tion of the slope of the rain gage; then, from a simple geometrical 
construction, it can be shown that — 


tan s=tan a cos b. 


Let r be the inclination of the rain to the vertical, then the rela- 
tion of the apparent to the true precipitation is expressed by the 
formula — 


Apparent precipitation _ cos (r—s) 
True precipitation  cosr 


If a rain gage is found to be in an inclined position it is im- 
portant to record the direction of inclination and the direction 
of prevailing rain-bearing winds. Since the rain does not always 
come from the same direction it is evident that an inclined gage 
may give results considerably in error in some showers, and be 
quite nearly correct in other showers. 

There is another matter in connection with the inclination at 
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which rain falls, which is sometimes of great importance, but 
which seems to have been generally overlooked. If a rain-bearing 
wind blows against a mountain slope, then the amount of rain 
falling on the mountain slope will generally be greater than the 
amount which would fall on an equal horizontal projected area 
and greater than the amount caught or measured by a horizontal 
rain gage. 

In a similar manner, the actual precipitation on the leeward 
side of the slope may be materially less than indicated by a hori- 
zontal rain gage. The southeast slope of the Castkill Mountains 
in New York State affords an excellent illustration of a case where 
the actual rainfall is apparently greater than the measured amount. 
The average slope of the mountain side is about 30 degrees. If 
the rain is blown against this slope at an angle of 15 degrees to the 
vertical, then the actual precipitation on the prejected area would 
be 1.16 times the amount measured by a horizontal rain gage. 

As already pointed out, the result of wind or exposure error 
is to make the recorded precipitation usually less than the true 
amount. The result of error due to location of the rain gage 
within the influence of a large wind eddy, is to make the re- 
corded amount either greater or less than the true precipitation 
in the locality. 

Taken altogether, there is some preponderance of errors tending 
to make the measured less than the true amount of precipitation 
falling as rain, and the tendency is greatly increased for precipita- 
tion falling as snow. 

If the run-off of a stream for the winter period, November to 
April inclusive, is compared with the measured precipitation for 
the same period, it will sometimes be found that the measured run- 
off is the greater. The ground water and surface storage is usu- 
ally larger at the end than at the beginning of the winter period, 
so that the measured run-off will usually represent less than the 
total available water supply. 

If, therefore, the measured run-off is greater than the measured 
precipitation, it affords evidence that the measured run-off is too 
great or the measured precipitation too small. There is sometimes 
a tendency for measured run-off to exceed the true amount during 
Even where this error is eliminated, cases 


the freezing period. 
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still oceur which show an apparent run-off greater than the pre- 
cipitation. It seems probable that in the majority of cases it is 
due to deficiency in the measured precipitation, which is specially 
pronounced in the winter and during the fall of snow. Even where 
measured run-off is somewhat less than the measured precipitation 
for the winter period, the precipitation may be deficient. The 
measured run-off should equal the measured precipitation minus 


TABLE 9. 


CoMPARATIVE PRECIPITATION AT DIFFERENT LOCATIONS IN PROVIDENCE, R. I., 
IN YEARS. 


| 
| 
| 
| 
| 


Wea. 


£ 

= = 

= = 

= = + 

(1) (2) (3) | (4) (5) (6) (7) (8) (9) 


1909 38.30 | 38.13 | 36.18 37.87 | 39.38 | 39.92 33.75 | 40.57 
1910 34.96 | 36.97 | 33.96 36.58 | 33.23 | 34.07 | 34.21 | 37.60 
1911 40.17 | 40.62 | 39.17 | 39.72 | 40.18 | 41.05 | 36.80 | 41.52 
1912 41.25 | 42.84 42.65 39.64 40.18 | 40.95 38.65 | 44.37 
1913 42.93 | 44.39 | 43.32 | 41.08 | 42.17 | 43.68 | 36.94 | 45.83 
1914 37.58 | 36.68 | 37.34 35.19 | 40.35 | 38.36 | 29.50 

1915 42.37 | 44.61 | 42.19 | 40.37 | 42.56 | 42.11 | 33.96 | 

1916 43,90 | 47.88 | 40.56 | 41.37 | 44.90 | 44.82 | 34.44 | 


Mean 40.18 | 41.51 | 39.42 38.98 | 40.37 | 40.62 34.78 


the water losses and minus the gain, if any, in ground water and 
surface storage. 

The winter losses due to surface evaporation and inception in 
the northern states and New England commonly range from 1 
to 14 or 2 in. per month, with the smaller quantities predominating. 
The difference between the winter precipitation and measured 
run-off should, therefore, be at least 6 to 9 in. plus the gain in 
ground water and surface storage, if any. 
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CoMPARATIVE RAINFALL BY ADJACENT Rain GAGEs. 


There are but few locations in the United States where rain 
gages are sufficiently numerous that a comparison can be made 
between the rainfall of any single gage and the true mean rainfall 


over the adjacent district. 
TABLE 10. 


CoMPARATIVE PRECIPITATION AT ADJACENT Rain GaGes, Pawtucket, R. I. 


Filter | Pumping Masonic Diamond | . 
Year. Beds. Station. | Building. Hill Res. | Meanof | Maximum 
| EL 40. | EI. 90. El. 140. El. 220, | Four. | Departure. 
@ | | © (6) | (7) 
1901 49.29 49.27 46.56 57.56 50.67 6.89 
1902 49.23 46.70 47.59 47.56 47.47 1.76 
1903 48.67 49.81 47.43 46.08 47.99 1.82 
1904 51.16 64.58 48.15 42.94 5171 12.87 
1905 41.56 43.66 42.64 38.39 41.56 —3.17 
1906 46.72 51.35 50.39 50.28 49.88 —3.16 
1907 44.78 48.11 50.29 46.74 47.48 2.80 
1908 44.53 41.86 46.98 42.77 43.53 3.45 
1909 41.23 38.41 42.13 40.39 40.54 —2.13 
1910 36.86 33.26 38.05 30.78 34.74 —3.96 
1911 42.26 39.84 42.06 42.98 41.78 —1.94 
1912 45.10 43.55 46.49 44.73 44.97 1.54 
1913 44.77 42.76 42.33 44.54 43.60 —1.27 
1914 38.73 37.74 38.70 38.25 38.36 —0.62 
1915 41.46 41.75 43.75 44.52 43.57 —2.11 
1916 43.32 43.81 41.01 46.15 43.57 2.58 
Mean 44.35 44.78 44.66 44.06 44.46 0.97 


Tables 8, 9, and 10 show the relative amount of rain caught 
by adjacent gages at three locations in New England. At Provi- 
dence, excluding the Weather Bureau gage, the results for any 
other single gage are generally within 5 per cent. of the mean of 
all the other gages, in any single year. This probably represents 
about as good a degree of agreement and accuracy as is commonly 
obtainable from different gages located under favorable conditions. 
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ee . The low catch for the Weather Bureau gage as compared with 
all the other gages places it under suspicion. The deficiency is 
probably due to wind action, the gage being exposed on the roof 
of a building. 

TABLE 11. 


RAINFALL AT ADJACENT STATIONS AND DEPARTURES FROM THE MEAN IN 
PERCENTAGES. 


Watuppa Ponds, Fall River, Mass., after A. T. Safford. 


| 
| Read’s. | Pettey’s. | Hull. Bleachery.. Average. 


Narrows. | Pu 
| Stati | 
| 


I. — Amounts IN INCHEs. 


| | 


1899 43.16 | 40.09 | 39.56 | 38.74 | 47.77 | 4147 41.80 
1900 43.85 | 40.87 | 45.44 | 40.39 | 46.77 | 49.05 44.39 
1901 | 52.77 | 46.65 | 53.61 | 48.07 | 54.91 | 57.24 | 52.21 
} | 
Mean | 46.59 | 42.54 | 46.20 | 42.40 | 49.82 | 49.25 46.12 
| | 
II. — PerRcENTAGE DEPARTURES.* 
1899 +3.2 | —3.2 | | -63 | +142 -07 | +028 
1900 | -12 | -78 | +23 | -90 | +97 | 
1901 +12 | -—5.6 | +27 | -7.8 | $5.2 | +9.6 | +0.88 
| : | | | 
| | +o. | -80 | +82 +811 


Mean | +1.1 | —7.7 


* Percentage departures of the means given in Part I of the table, from the general average. 


A roof exposure does not necessarily imply deficient catch. 
This is illustrated by the comparison of gages at Pawtucket. The 
agreement is good, although one of the gages is on a building 
and there is a total difference of 180 ft. in elevation of the different 
gages. 

The agreement among different gages at Fall River is not 
so good, but represents about what may commonly be expected 
under less favorable conditions. The differences here are probably 
mainly due to location errors, and insufficient shielding, as the 
gages were standard and the observations carefully made. 
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One of the best series of rain-gage coiuparisons in this country 
has been made at New Orleans, the results being shown in Table 11. 
It is of interest to determine the agreement obtained from dif- 
ferent adjacent gages in a region of excessive precipitation. For 
this purpose Cherrapunji has been selected. Cherrapunji is lo- 
cated in the Khasi Hills, in the province of Assam, India, facing the 
os" Bay of Bengal. The mean 
annual precipitation is 474 

AMS Wath in., or nearly 40 ft. — an 

average of 110 and 120 in. 
respectively of rainfall oe- 
curring in July and August. 
There was a maximum 
precipitation for one month 
of 208 in., in July, 1865. 
This is equivalent to nearly 
7 in. a day, every day in 
the month. The heavy 
rainfall mostly occurs dur- 
AY ing the summer monsoon 
season, and is due to the 


88° 
Fic. 20. LocaTIoN OF CHERRAPUNJI, 
INDIA. 


warm, moisture-laden mon- 
soon winds blowing off from 
the Bay of Bengal, and de- 
flected upward by the Khasi Hills. The general location is shown 
in Fig. 20, and the location and elevation of five rain gages 
maintained in the village is shown in Fig. 21. Table 12 shows 
the relative amounts of precipitation caught by four different 
gages at Cherrapunji in different years. 

The average departure of a single gage from the mean of the 
four gages is 28.56 in. This appears to be a large amount, but it 
is only about 7 per cent. of the mean rainfall. Very likely this 
difference is in part the result of actual difference in rainfall at the 
different locations, due to their varying elevations. On individ- 
ual days the percentage variations between the several gages are 
much larger. It is of interest to note, however, that the percentage 
variation on individual days varies inversely as the amount of 
precipitation, the agreement between the gages expressed in 
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terms of percentages being much better on days with 10 in. or 
more of rainfall than on days of very light rainfall. 


TABLE 13. 


CoMPARATIVE YEARLY RAINFALL AT 4 STATIONS IN CHERRAPUNJI, KHASI 
Assam, 


Stations. 


Mean 
Departure. 
Mean Depart- 
Maximum 
Dep. in Per | 
| Cent. of Mean. || 


Police | Welsh | Catholic Shadwell, 
Station. | Mission. | Mission. H 


(4) 5) | © s) | & (10) 


1906 478.54 486.77 445.02 560.09 : 33. 6.85, 67.48 13.7 
1907 | 405.92 362.62 310.67 384.67 365. 32) 8.00, —55.30 15.1 
1908 341.81 | 284.54 | 260.21 374.16 : 42. 13.6 58.98 18.7 
1909 | 375.18 334.18 297.77 343.29 337. 6.4 | —39.84 11.8 
1910 | 561.99 544.88 474.35 519.13 525. : 5.4 | —50.74) 9.7 
1911 | 586.57 561.01 | 488.53 581.13 554.31 32.89 5.9 —65.78 11.9 
1912 | 383.34 390.35 | 368.57 406.37 387.16 : 2.9 19.21; 4.9 


Mean 447.62 423.48 | 377.87 425.40 


DISCUSSION. 


THE Presipent. Are there any questions any one would like 
to ask Mr. Horton? 

Mr. Desmonp FitzGEeratp.* It seems to me ¢ rat if there is 
other business for the afternoon it will be better to get through 
with that, because the discussion of this paper is likely to take 
some time, and, perhaps, had better be deferred until a later day. 
If there is to be a discussion now, however, I should like to take 
the matter up from the viewpoint of the experiments made many 
years ago on the Boston water works, and call attention to many 
points of agreement with the results which Mr. Horton has given 


* Past President and Honorary Member, New England Water Works Association; 
Past President, American Society of Civil Engineers. 
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us in such an instructive way, and possibly to some points of 
difference. I think the system of rain gages now included in the 
Metropolitan supply is an excellent one and gives trustworthy 
results. I wish also to congratulate Mr. Horton on the industry 
and zeal with which he has collected so interesting a mass of in- 
formation, and the trouble he has taken in presenting it to us this 
afternoon. 

THE PresipENT. Do I understand you will give us a paper 
later on the Boston system, Mr. FitzGerald? 

Mr. FirzGeratp. I will contribute a written discussion of 
the matter. I am afraid it would take too much time for me to 
discuss it now. 

THE PRESIDENT. We would be very glad to receive your writ- 
ten discussion, or to hear you now, just as you prefer. 

Mr. FirzGeratp. In regard to this question of altitude of 
gages above the ground, we built something like eight towers at 
Chestnut Hill Reservoir some thirty years ago. The gages were 
so placed that they covered the idea of comparing the results with 
a pit gage placed level with the surface of the ground. From that 
point we had gages every five or ten feet up to eighty feet in 


height. The gages were especially designed to collect the rain so ° 


that no loss could take place from evaporation, but they were 
freely exposed to the wind. Those experiments were kept up for 
about three years, if I correctly remember, and the lower gages 
gave the larger results; a result due, I believe, to the action of the 
wind on the upper gages. 

I will say one word now, while I am on my feet, in favor of the 
system of weighing as against measurement. We found in the 
course of our investigations that it was easier for an observer to 
make a mistake in measuring the rain than it was where a proper 
system of weighing was used. Our gages on the Boston water 
works were so designed that one one-hundredth of an inch made 
one ounce in weight. That is to say, the gage was 14.85 inches in 
diameter; and in a gage of that diameter every .01 of an inch 
equaled an ounce. The gages were weighed on a common Fair- 
banks seale and the figures on the scale altered to read hundredths 
of an inch instead of ounces. That is, 32 0z., for instance, was .82 
of an inch and 152 was 1.52 in. of rain. The Fairbanks scales did 
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not have to be re-made, but simply numbered differently to read 
inches and hundredths. We got very accurate results from this 
weighing system. 

From an examination covering several years I came to the con- 
clusion that it was extremely difficult to design a gage for both rain 
and snow, and I gave it up; but we got good results in our 
measurements of snowfall by the following method: We had a 
platform on the ground in a clearing in the woods, so that the wind 
did not affect the results materially. We went to that platform 
after every snowfall and inverted our gage over it, — there was a 
piece of tin underneath, — and got all the snow and weighed it. 
Then we swept off the platform so it was all ready for the 
next snow. We didn’t have snowfalls superimposed one on 
another. 

There is at Chestnut Hill Reservoir a self-recording rain gage 
that I designed thirty years ago which has been working ever 
since, and I don’t think it has ever had any serious repairs. 
The results on the sheets are extremely interesting because they 
are all plotted to good scale and do not require to be interpreted. 
I hope, Mr. Horton, that you will have an opportunity to examine 
them while you are in this neighborhood. You will find some very 
remarkable rainfalls recorded, taken with great accuracy. A 
cross-section of the apparatus has been published. It is simple 
and cannot easily get out of order but it is not adapted to the 
measurement of snow. From the profiles one can study the 
progress of storms, as they are already plotted to a convenient 
scale. 

The matter of the rainfall always was an interesting one to me. 
When I first came on to the water works — I think it was in 1873 — 
I began a serious study of the subject. The gages are made in 
such a way as to last many years, and they are not easily put 
out of commission. For instance, you take the average of several 
gages on the Sudbury River watershed and they must give a 
close approximation to the mean. As I remember, there was 
not a great deal of difference between them. The results at 
that time were quite different from the observations which were 
taken on one of the high buildings here in Boston. Our records 
at Chestnut Hill Reservoir were more trustworthy than the 
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Government records on a high building. There was quite a dif- 
ference between them, and I think the officialsat that time accepted 
ours as being more accurate. The amount of it is that when you 
put a rain gage on the top of a high building in the city you get so 
many whirls of the wind in every direction that it affects the record 
materially unless some especial precautions are taken, whereas if 
your gage is properly placed near the ground it is not subject to 
the same disquieting influences. 

Tue PresipENtT. I am very sure that the Association will be 
glad to put their time against Mr. FitzGerald’s, if he will prepare 
a paper for us on the subject. 

Mr. R. C. P. CogGrsHaLtu.* We have a wonderful record in 
New Bedford, what is known as the “ Rodman record,” that ex- 
tends considerably over one hundred years. The old gentleman 
took up the matter as a plaything, years ago, and then his son car- 
ried the work along, and when the water works came into existence 
the work was continued more or less. One of the daughters of 
the family is Mrs. Colonel Goethals, and it was rather a scientific 
family. 

Our records are kept at the pumping station. We have a set of 
weighing gages, — and during the past year have got a record 
there of only a trifle over 36 in., which is the smallest since 1914. 
It is no wonder that our water supplies are rather short at the 
present time. The city engineer keeps a record on top of the 
municipal building, and for some reason he doesn’t get anywhere 
near as much rainfall as we do. 

Mr. FirzGreratp. The rainfall in the Philippines has been 
referred to. Benguet is not exactly on the side of a mountain. It 
is what is called the summer capital of the Philippines and is 
about 5 500 ft. above the sea. It is on an elevated plateau in a 
mountainous district. 

There is great diversity within short distances in this matter 
of rainfall. On the Pacific coast, in Oregon or in Washington, 
we have a rainfall of perhaps 90 in. from the warm Japanese 
current. That moisture is carried by the westerly winds up the 


* Past President, New England Water Works Association; Superintendent, Water Works, 
New Bedford, Mass. 
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cold sides of the mountains, and precipitated in the form of heavy 
rain. It is that large rainfall that produces the big trees, and not 
the trees which bring the rain. When the clouds get on the other 
side of the mountains they have no more rain to precipitate, 
and we have a much smaller rainfall on the easterly side. I 
remember the enormous records of rainfall in the Calcutta region 
referred to by Mr. Horton, where they have a record of over 
two feet of rainfall a day for three days. Of course it is utterly 
useless to try to keep bridges over the rivers in view of such rain- 
falls as that. You must simply have an open outlet to the sea 
for it. 

Mr. CHarLes W. SHERMAN.* With reference to the difference 
between the rainfall measurements on high buildings and those 
on the ground, I have recently had opportunity to make an ex- 
tended comparison between the record of the recording gage at 
Chestnut Hill Reservoir and that at the station of the Weather 
Bureau in Boston. The latter does not cover so many years by 
fifteen as the former does, but the comparison was made covering 
just the same period at Chestnut Hill as the entire period of the 
Boston record. The same storms, or storms coming on the same 
day, were found to differ very widely. It might very well be so, 
the gages being five miles apart, more or less. But it is very inter- 
esting to note that throughout the period covered by the records, 
which I think is something like twenty-six years, the average 
results are substantially identical. I do not mean that closely 
comparable results were necessarily obtained for particular storms, 
but that the relations between time and intensity of precipitation, 
and the frequency of storms of various iutensities, agreed very 
closely. I am inclined to think that that means that the Weather 
Bureau, beginning about the time of the installation of the record- 
ing gage in Boston, has taken very much more pains in the setting 
and adjustment of its gages on high buildings in the larger cities 
than it did in the earlier years. I think that the criticism of the 
rain-gage records on high buildings in early years is amply justi- 
fied, —I think they are entirely untrustworthy, — and I think 
many of them at the present time are, unless they are very care- 
fully safeguarded. I have the impression, however, that the 

* Of Metcalf & Eddy, Consulting Engineers, Boston, Mass. 
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Weather Bureau in its important stations has given much more 
attention in the last twenty-five vears to protecting its gages 
by screening or otherwise, and that such gages generally now 
give results much more trustworthy than those of the earlier 
vears. 

Mr. X. H. Goopnoveu.* I hope, Mr. President, that Mr. 
FitzGerald will print his experiments in the Society’s publication. 
I think they are among the most interesting, in fact, decidedly 
the most interesting and most valuable ever carried out in this 
state, and it seems to me it would be a very great aid to all the mem- 
bers of the Association if he would be willing to prepare them for 
publication in the Society’s JourNAL. They cover the whole 
‘range of the subject, and bear especially on this question of 
elevation. 

There is one other point I should like to emphasize again, which 
was brought out in the paper, and that is the extremely small 
number of rainfall stations in New England. I think half of the 
whole number are in Massachusetts, and more than half of those 
are in eastern Massachusetts. The number is increasing, but 
even now there are very wide spaces in which no rainfall station 
exists. 

The study of rainfall was very well begun by the New England 
Meteorological Society in 1884. They maintained for a time a 
journal, and did the first work which was important or successful, 
it seems to me, on this subject. Of course the work was begun in 
many ways years before that. I think that the Government 
began to make observations of the rainfall in the very early part 
of the nineteenth century, and there are a lot of those old records 
now in existence. Then I think there was a law in the state of 
New York under which observations were made at all the acade- 
mies, for many years. Later on, the enthusiasm in the measure- 
ments of the rainfall dropped off. Then the Government came in 
again, but does not maintain stations enough to furnish satisfac- 
tory records of the rainfall in many of the watersheds. It seems to 
me that the Government is not especially to blame, but that it 
is we who are to blame for not urging them and for not insisting 
on a greater number of observations, and then helping in every 


* Director and Chief Engineer, Mass. State Department of Health. 
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way that we can. The question is a very important one, especially 
now when questions of waterways development and power develop- 
ment are coming up, and it ds not too late to begin even now to 
try to secure a greater number of observations. 
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SOME PRACTICAL USES OF RAINFALL RECORDS. 


BY L. M. HASTINGS, CITY ENGINEER, CAMBRIDGE, MASS. 


[Read February 12, 1919.] 


At the December meeting of the New England Water Works 
Association, a letter was read from Robert E. Horton suggesting 
that an effort be made to get officials in charge of water works to 
establish rain gages at the watersheds upon which their water 
supply depends. 

While there are a fairly good number of rain gages established 
in various parts of New England now, the number might be greatly 
increased with good results, especially if they were established in 
locations not already closely covered by existing observers. 

The accompanying map, reproduced from that given in a paper 
by Mr. X. H. Goodnough, on “ Rainfall in New England,” 
JOURNAL OF THE NEW ENGLAND WaTER WorkKs ASSOCIATION, 
Vol. XIX, No. 3, shows the location of most of the rain gages as 
in service in 1914 — about 194 in all. It will be observed that 
the southeasterly corner of New England is well supplied with 
rain gages, but that there are in the remaining sections of New 
England large areas where the gages are very widely separated. 
Many of these sections are well elevated, with many streams, and 
opportunities for reservoirs, dams, ete., for the development of 
power or water supplies. (See Fig. 1.) 

If, as is recommended so strongly at the present time, a careful 
study of the streams and water courses of the country is to be 
made with a view to their more complete development as a source 
of power in order to conserve the consumption of coal as a power 
producer, the establishment of numerous rain gages in various 
parts of the country will be found exceedingly useful in the study 
of that important question, as well as the one in which the members 
of this Association are more directly interested, viz., the develop- 
ment and conservation of our streams as sources of domestic 
water supplies. 
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It is proposed in this paper to give a few simple illustrations 
of ways in which rainfall records may be put to practicable use in 
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the study of questions relating to water power and water supply, 
and so encourage the establishment of additional gages. 
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One advantage to be gained by having gaging stations located 
at relatively short distances apart would be to check the results 
so obtained by those obtained at other stations and correct any 
variation which may appear in the gaging due to special or un- 
usual topographical conditions in the watershed, such as elevation, 
nearness to large hills, mountains, or water surfaces, directions of 
prevailing winds, ete. As the amount of rain which may be ex- 
pected to fall in a given district is often the only basis upon which 
its value as a power or water producer can be found, it follows 
that it is desirable to have the very best data that it is possible 


to obtain on that vital point. 


It may be thought that with so many rain gages already set up, 
be easy to obtain 


especially in eastern New England, it would 


Location. 


Cambridge, Harvard College........... 
Framingham, Sudbury River........... 


| 


Average 
Yearly 
Rainfall, 
1874-1913, 
40 Years. 


38.27 
38.63 
42.01 
43.36 
43.49 
44.26 
46.65 
47.20 


Rainfall 
for Year 
1880. 


27.30 
30.48 
35.28 
31.73 
35.22 
37.87 
40.06 
41.29 


Rainfall 
for Year 
1883. 


accurate and reliable data for almost any location in that section; 
but any one not familar with the subject will be surprised and 
puzzled at the wide variation in the results obtained at locations 
not far apart, which often renders any close estimates impossible. 
As illustrating this fact, the above table has been prepared 
showing the average rainfall at various stations in eastern New 
England for a forty-year period ending 1913, and also the rainfall 
for the exceptionally dry years of 1880 and 1883, which for some 


purposes it might be desired to use. 


Manchester, N. H., and 


Providence, R. I., are only about eighty miles apart in a straight 


line. 
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From the above it will be seen that even for a long-term period 
the average amount of rainfall at the points named varies greatly, 
the extreme variation being 8.93 in. or about twenty-three per cent. 
while for the dry year of 1880 the extreme variation is 13.99 in., 
or over fifty per cent. From this it will be seen that any one 
attempting to design a water-power or a water-supply system for 
a watershed at all remote from a long-established rain gage must 
unavoidably make his estimates upon data which have a large 
element of uncertainty in the makeup. 

It has been stated by some writers that a rainfall record of from 
thirty-five to forty years makes that record fairly reliable as ¢ 
basis of estimates for the expected average yield of a watershed. 
While this may be true for an ordinary forty-year period, an ex- 
amination of the rainfall records of the last forty years of the 
Sudbury River watershed, and others which have commonly been 
used in this vicinity, shows that a marked change in the amount 
of rainfall has occurred during the last fifteen years of that period, 
and that, while the average for the forty-four years since the 
Sudbury River records were begun is 44.66 in., the average for the 
period 1904 to 1918 (fifteen years) is only 40.97 in. (See Plate I.) 

The Stony Brook rainfall record of the Cambridge Water Works 
in Waltham, Mass., shows a similar change. While the average 
rainfall for the entire period of twenty-nine years the gage has 
been established — 1890 to 1918 — is 41.53 in., the average for 
the period 1904 to 1918 (fifteen vears) is 38.75 in. 

These last are remarkably low average rates for so long a period, 
and there seems to be but one period of that length of time with 
so low a rainfall record in this vicinity. This is the Cambridge 
record of Prof. John A. Winthrop, from 1760 to 1775, where the 
average rainfall is shown as 37.38 in., as given by Mr. Goodnough 
in his paper already referred to. ; 

Still further, the record of the vield or run-off for both these 
areas shows a corresponding persistent decrease. While the aver- 
age run-off from the Sudbury River area for the forty-four years is 
20.54 in., the average run-off for the last fifteen years is 15.85 in. 
On the Stony Brook area, the average run-off for the twenty-nine 
years is 17.81 in., and the average run-off for the last fifteen years 
is only 15.70 in. 
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If these records are analyzed by percentages, the interesting 
fact is shown that in the dry periods the proportion or percentage 
of run-off to rainfall is less than that in the wet periods. Thus, 
for the wet period in the Sudbury River area, 1875 to 1903, the run- 
off was 49.3 per cent. of the rainfall, while for the dry period 1904 
to 1918 it was only 38.7 per cent.; while for the exceptionally dry 
year of 1883 it was 34.1 per cent., and for the year 1911 it was 28.1 
per cent. Similarly, on the Stony Brook area, for the wet period 
1890 to 1903 the run-off was 42.9 per cent. of the rainfall, and for 
the dry period 1904 to 1918 it was 40.5 per cent., and for the year 
1910 it was only 27.1 per cent. of the rainfall. In other words, 
a diminished rainfall gives not only a diminished run-off, but a 
diminished proportion of run-off. From these facts, it is evident 
that it may not be safe to draw conclusions even from a forty-year 
record, without a careful study of the records of ether places and 
other periods, that proper allowance may be made for abnormal 
results which may have been obtained. 

There is another rather curious fact shown in the records for 
the year 1909 which may be noted. While the rainfall for this 
year is about 6 in. more than for either the years 1908 or 1910, 
the run-off for 1909 is about 1.50 in. less than for the year 1908. 
The Stony Brook record shows the same peculiar result, — a les- 
sened run-off in a year of increased rainfall. The explanation of 
this anomaly may be that the underground storage had become so 
depleted by the continued drought of a number of years that the 
increased rainfall for the one year failed to restore the deficiency 
in this storage and so caused a lessened run-off for that year. 

A very important and interesting question may be raised just 
here. Will the diminished rainfall as noted during the last fifteen 
years be permanent or will the rate ‘‘ come back ”’ to its old level? 
While no defimite or authoritative answer can be given to this 
query, two things should be remembered in this connection. No 
permanent marked changes ever take place in the processes of 
nature without adequate cause. No such adequate cause is ap- 
parent by which the rainfall of this section could be permanently 
diminished, and again, in the past marked changes have occurred 

in meteorological conditions, — cold winters, hot summers, wet 
and dry seasons, — some continuing for considerable lengths of 
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time, but inevitably the balance has been restored and the general 
mean of conditions reéstablished. Even if the period of low 
rainfall given in Professor Winthrop’s somewhat fragmentary rec- 
ords be taken as reliable as showing the entire rainfall for that 


Average Monthly Rainfall Runoff and Evaporation 
Sudbury River Water Shed. 


Jan. | Feb. | Mar. | Apr. | May | June | July | Aug.| Sept.) Oct. | Nov. | Dec. 


2. 


period, the records of other observers for following years show the 
amount of rainfall to be well up to or above the average. 

A very practical and convenient way of using the daily rainfall 
records is by plotting them in the form of a mass diagram. Prob- 
ably one of the most common inquiries a superintendent of water 
works has to answer is one relating to the condition of the reservoir 
as regards the supply in storage. Much misconception frequently 
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exists in the “ average citizen’s ” mind as to the amount of rain 
which has fallen to a given date, and consequently as to the amount 
of water which has been received into the storage basins. 

If the returns are plotted on the prepared skeleton or frame of 
the diagram at weekly or monthly intervals, a glance will show just 
how the matter stands with regard to the total amount of rainfall 
to date, and also whether that amount is more or less than the 
average amount of rainfall up to that time. (See Plate II.) 

It is rather a curious fact that, taking a long term of years, the 
average rainfall for each month differs but little, the rainfall of 
the so-called ‘‘ dry months” being on the average but little less 
than that of the wet months. The greatly increased evaporation 
during the hot months, together with the demands of growing 
vegetation, etc., makes the rainfall seem much less than it really is 
and results in a greatly decreased run-off during those months. 
As the evaporation from ponds, brooks, reservoirs, etc., amounts 
to over 39 in. during an average year, it will be seen that the pres- 
ence of large water surfaces in a watershed may have an important 
bearing on the amount of run-off to be expected from it. The 
accompanying diagram shows very clearly the relation between 
the average rainfall, evaporation, and run-off, as they occur in 
the Sudbury River watershed. (See Fig. 2.) 

The distribution of the rainfall during the year has an im- 
portant bearing on the amount of the vield or run-off. If the 
rainfall is largely during the season when the ground is frozen, a 
much larger run-off may be expected than if it occurred during the 
hot months, when the ground is dry and the evaporation rapid. 
This distribution and also the accumulated amount of rainfall to 
any date during the year ean very graphically be shown by plotting 
each rainfall record on a print of the skeleton diagram shown on 
Plate II. The rainfall records of 1914 and 1915 are thus shown 
on Figs. 3 and 4. 

From the above it will be seen that rainfall records can be 
made to serve a variety of practicable purposes, and that long time 
records obtained on or near the ground are most reliable and sat- 
isfactory. 

The cost of an ordinary rain gage (not automatic or self-record- 
ing) is small, and its care and maintenance require only the atten- 
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tion which can be given to it by some intelligent employee on the 
ground, or by some resident for a nominal sum. The United States 
Weather Bureau standard rain and snow gage is shown in Fig. 5. 

If it is desired to obtain automatic records of the rainfall, a 
more complicated and expensive type of gage can be installed, 
and data obtained very useful in the study of many questions not 


Vertical Section. 


| 


Receiver. 


Lorizontal Section, E.E 


~ 


Fic. 5. Rain AND SNow GAGES. 


covered by the mere quantity of rainfall, especially such as relate 
to the time at which the rainfall occurred and its intensity or rate 
per hour at any given time. These data are very interesting, and 
sometimes are exceedingly valuable as factors relating to the re- 
quired strength and height of dams, length of spillways, size of 
culverts, damages caused by floods, overflows, washouts, raising 
or lowering of the water in storage reservoirs, and a great variety 
of other questions of a similar nature. 

If a watershed is large, and the works established upon it are 
important and involve a large investment of capital, the establish- 
ment of an automatic rain gage is strongly recommended. 
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PROCEEDINGS. 


PROCEEDINGS. 


DECEMBER MEETING. 


Hotei Brunswick, Boston, Mass., 
WepneEspay, December 11, 1918. 


President Davis presiding. 
The following members and guests were present: 


E. C. Brooks. 


ertram 
F. L. Cole. 

J. E. Conley. 
John Cullen. 

C. E. Davis. 

A. O. Doane. 

L. R. Dunn. 

E. D. Eldredge. 
Frank Emerson. 
S. F. Ferguson. 
F. L. Fuller. 


Bond, H. L., Co., by F. M. Bates. 
Builders Iron Foundry, by A. B. 


Coulters. 


Honorary MEMBERS. 


R. C. P. Coggeshall. 


MEMBERS. 


Patrick Gear. 

F. J. Gifford. 

H. J. Goodale. 

L. M. Hastings. 
T. G. Hazard, Jr. 
D. A. Heffernan. 
J. L. Howard. 

A. C. Howes. 

J. A. Hoy. 


J. W. Kay. 


E. W. Kent. 
Willard Kent. 

S. E. Killam. 

G. A. King. 

P. J. Lucey. 
Thomas McKenzie. 
Hugh McLean 

H. V. Macksey. 

J. H. Mendell. 

F. E. Merrill. 


ASSOCIATES. 


Chapman Valve Mfg. Co., 
Bengle and M. E. Lynch. 
Donaldson Iron Co., by C. F. Glavin. 


2 P.M. 


R. J. Thomas. — 3. 


Leonard Metealf. 
H. S. Noyes. 

F. L. Northrop. 
T. A. Peirce. 

A. E. Pickup. 
William Plattner. 
H. W. Sanderson. 
C. M. Saville. 

A. L. Sawyer. 

C. W. Sherman. 
G. H. Snell. 

W. F. Sullivan. 
H. A. Symonds. 
L. D. Thorpe. 

E. J. Titcomb. 
W. H. Vaughn. 
J. H. Walsh. 

R. S. Weston. 

I. 8S. Wood. 

M. B. Wright — 60. 


by V. N. 
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. Agnew. 
{. Bancroft. 
. Barbour. 
Barrett. 
Batchelder. 
. Beaudry. 
. Bettes. 
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Eddy Valve Co., by H. R. Prescott. 

Engineering News-Record, by I. 8. 
Holbrook. 

Hersey Mfg. Co., by J. H. Smith. 

Lead Lined Iron Pipe Co., by 
T. E. Dwyer. 

Mueller, H., Mfg. Co., by C. J. G. 
Haas. 

National Meter Co., by H. L. Wes- 
ton. 


Pittsburgh Meter Co., by J. W. 
Turner. 

Rensselaer Valve Co., by I. A. Rowe 
and C. L. Brown. 

Smith, A. P., Mfg. Co., by F. L. Nor- 
throp. 

Thomson Meter Co., by E. M. Shedd. 

Union Water Meter Co., H. W. Ja- 
cobs and D. K. Otis. 

Water Works Equipment Co., by 


Neptune Meter Co., by H. H. Kin- W. H. Van Winkle. — 20. 


sey. 
GUESTs. 
MASSACHUSETTS. 
Groton, Arthur Wood. 


Kingston, P. H. Delano. 
Stoughton, E. E. Randell. — 6. 


Boston, G. C. Northrop. 
Cambridge, Timothy W. Good. 
Fall River, John W. Moran. 


Singing: “‘ America.”’ 
The Secretary read the following list of applicants for member- 
ship, approved by the Executive Committee: 


Timothy W. Good, Cambridge, Mass., general superintendent 
Cambridge Water Department; Launcelot Paul Marshall, Ran- 
goon, Burma, India, chief engineer, Rangoon Municipality; 
V. T. Givotovsky, Allston, Mass., student at M. I. T.; W. A. 
Keene, Turtle Creek, Pa., manager of Turtle Creek office of Penn- 
sylvania Water Company; John W. Moran, Fall River, Mass., 
superintendent Fall River Water Department. — 5. 


On motion of Mr. Edward N. Cogswell, the Secretary was 
instructed to cast the ballot of the Association in favor of the 
applicants named, and he having done so they were declared to 
be elected members of the Association. 

PRESIDENT Davis. The Secretary has a letter, received from 
Mr. Robert E. Horton, which I would like to ask him to read, as 
it contains some very interesting suggestions on which I think the 
Association may care to act. 

(Letter from Mr. Horton is read by the Secretary.) 
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NOvEMBER 18, 1918. 


Mr. Witiarp Kent, C.E., 
NARRAGANSETT Pier, R. I. 

Dear Sir, —I would be pleased if you would call to the attention of the 
New England Water Works Association at its next regular meeting the ad- 
visability of collecting and publishing annually through the medium of a stand- 
ing or special committee, results of stream flow and rainfall observations taken 
in connection with water-works systems throughout New England. The 
Society had laid an excellent foundation in the valuable papers on these sub- 
jects by Goodnough, relative to rainfall, and of the committee on yield of 
drainage areas relative to run-off. There are many rain gages maintained in 
conjunction with water-works systems in New England the results of which 
do not appear in the reports of the U. 8. Weather Bureau. Probably most of 
these gages are subject to more frequent inspection and more personal care 
than the Weather Bureau has generally been able to give to rain gages main- 
tained by its voluntary observers. 

Thece are also many records of the yield of streams, especially small streams 
used for water-supply purposes, the results of which do not appear in the 
reports of the Geological Survey on stream gaging matters. 

Rainfall data alone are valuable, and run-off data alone are valuable; but 
rainfall and run-off data where both are given for a particular drainage basin 
are much more valuable than either class of data alone. The records now 
being kept in conjunction with water-works systems in New England furnish 
many instances where these extremely valuable data may be obtained. Most 
of these records are kept under the direction of members of the New England 
Water Works Association. It would not involve a large amount of labor to 
collect these results year by year and publish them in one of the issues of the 
JOURNAL of the Association each year. 

I respectfully request that this matter be called to the attention of the 
Association, and, if possible, an arrangement made to carry out this or some 


similar plan. 


Yours very truly, 


Rosert E. Horton. 


PRESIDENT Davis. It seemed to the Executive Committee 
that that was a very fruitful suggestion and might result in bring- 
ing together a great deal of useful information. Have any} of 
the members any thought in regard to the matter? Have you 
any comments or criticisms? The Executive Committee was 
inclined to appoint a committee, in a tentative way at least, to 
start this proposition and see if anything could be done, and if 
there is no objection I presume that that committee will be ap- 
pointed and be asked to act. 
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Mr. Cuartes W. SHERMAN. To remove any doubt, if there be 
any doubt, I move that the matter be referred to the Executive 
Committee with power. 

(The motion was seconded.) 

Mr. Leonarp Metcatr. Mr. President, might it not be well 
to couple with that also the statement that it is the sense of this 
meeting that it would be distinctly to the advantage of the Asso- 
ciation to appoint such a committee? It seems to me that the 
suggestion by Mr. Horton is a very happy one, and the committee 
that may be appointed by the Executive Committee, and the 
Executive Committee itself, can determine after the material has 
been assembled how far it is well to publish it; in other words, 
whether it is worth publishing or not. But it certainly must be 
true, as Mr. Horton says, that there are many records available 
that have not been given publicity, that would broaden the field 
of useful information in such matters, and it is well that we should 
have it in hand. 

PRESIDENT Davis. When it was discussed this morning it was 
thought that, to begin with at least, there could be published an 
index of what data there were, and that the data could be com- 
piled to be furnished to every one when wanted. Possibly, later 
on, it might be published more completely. At least we could 
start it with an index of the data that were available, which could 
be had upon application. I assume that Mr. Sherman accepts 
Mr. Metcalf’s suggestion. Are there any further comments? 

Mr. L. M. Hastines. I would like to say a word in regard to 
that. I want to second the motion most heartily, because I know 
from experience that there is a good deal of information in regard 
to rainfall and run-off — particularly rainfall, at any rate — 
amongst the water works of New England. And I know from ex- 
perience that such data are very desirable to have. We have some 
data obtained here in New England, some in New York, and some 
in the more western part of the country. It is very essential, 
very useful, for every engineer who has to do with water works, 
either in the capacity of water supply or mill power, or in any other 
way where water is used either for power or domestic purposes, 
that the data to be used shall be obtained from localities near at 
hand. You can go to the western part of the country and of 
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course get rainfall data which would be of absolutely no value in 
this part of the country. If we start this movement to collate 
data in regard to rainfall and run-off, perhaps some of the super- 
intendents in New England who have not established rain gages 
may be induced to set them up, if they felt that the data which 
they got would be not only useful to them but to others, and that 
they would have the use of the neighboring data. I might say 
that the establishment of a rain gage on a watershed is a com- 
paratively inexpensive matter, and the maintenance of a suitable, 
accurate rain gage which gives you just simply the amount of 
rainfall, is very easily done, and it would be a simple matter for 
most superintendents to have rain gages set up on their water- 
sheds, one or more in number, and the data in that way obtained. 
If this Association, with its large membership, would do that, I 
am sure that a mass of accurate and reliable data could be very 
readily obtained which would be extremely useful. It is a well- 
known fact that the longer a rain gage, for data of that kind, is 
kept up, the longer the period over which it extends, the more 
useful and reliable that data is. So that if we could set up twenty- 
five gages in different parts of New England and keep them for 
forty years, we would have a mass of information and data there 
that would be very useful indeed. I heartily support the motion 
and I hope it will prevail, and not only that we will get the records 
of what rain gages there are at present maintained but that new 
ones will be set up and maintained as well. 

PRESIDENT Davis. There is one thing I might have said. As 
I recall it, Mr. Horton’s letter would limit it to the New England 
states. I don’t think that is at all necessary. I think that the 
data might be sent in from any of our members, wherever located, 
provided they obtained a record that was useful. What would 
you think about that, Mr. Hastings? It would not necessarily 
be limited to New England alone, would it? 

Mr. Hastines. No, sir; I think not. I think it would be 
interesting, although the farther away you get from your locus 
the less value it would have. 

PrEsIDENT Davis. But it would make our Association a 
headquarters for a great deal of information that would not be 
obtainable anywhere else. The more widespread geographically, 
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the more use the Association would be to the general public. I 
do not believe the New England Association ought to take any 
action which tends to identify its name with its membership; 
I believe it is country-wide. 

A Memser. Along the line of what you have just suggested, 
I hope that you and the Association and the committee won’t 
start out with the idea of publishing rainfall records all over the 
United States. When you consider the number of pamphlets 
issued yearly by the Geological Survey and the various branches 
of the Government, you can imagine where the Association 
would be if we published the rainfall records all over the United 
States. 

PRESIDENT Davis. Well, I rather assumed that Mr. Horton’s 
idea would be to bring together in New England that which was 
not published elsewhere, — the gages and records that are over- 
looked in the other publications. I agree with you that we can’t 
have everything. 

A Memser. I hope that the members of your committee will 
have an independent income and have nothing else to do. 

PresIDENT Davis. I do not believe the work of the committee 
need be too arduous. It perhaps may make one or two sugges- 
tions as to the form in which the data might be sent in. The work 
of the committee will grow as the reports come in. I do not 
believe the committee will be swamped with work. 
(The question was put and carried.) 


PAINTING STANDPIPES. 


PRESIDENT Davis. The first paper this afternoon is “ Painting 
Standpipes,” by Mr. Charles W. Sherman. I understand Mr. 
Sherman’s paper is not complete, and that he is not prepared to 
do more than make a few remarks to-day on the general subject, 
and there will be no discussion of the paper until a further date. 

Mr. CHartes W. SHERMAN. I had not contemplated making 
even a general presentation to-day. Mr. Kent made out the pro- 
gram, and as I had promised this paper for the November meeting, 
when the Government work prevented me from preparing it, he 
doubtless assumed that it would be ready in December. Under 
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ordinary conditions that would probably be a reasonable assump- 
tion, but it did not work out so at this time. 

Most of my data were accumulated two years ago, and I have 
not had an opportunity to look at them for nearly that length 
of time; consequently, I am not in a position to say much about 
the subject now. However, to satisfy the curiosity of some of 
the members who responded to my inquiry at that time, when a 
questionnaire was sent asking for information about their experi- 
ences with painting standpipes, and in order that they may know 
that it is not lost for all time, I will say that I made some pre- 
liminary steps towards tabulating the information, as far as it 
loaned itself to tabulation; but the net result is that, taking it 
by and large, the water-works men do not know very much about 
painting standpipes. 

There are a few cases where they have very good records, but 
in a very surprisingly large number of cases the response came back 
something like this: ‘‘I have only been superintendent a short 
time, and my predecessor left no records, and I do not know what 
he put on the standpipe or when it was painted.” When we get 
back to it, it means that all the money which water-works men 
have spent in painting standpipes has been in a more or less hap- 
hazard way, and the information we have been able to get has been 
almost nothing. 

The data which I have, and which I hope to be able to present 
at a later meeting, are all that I have been able to compile from 
these returns, showing the kind of paint, as far as we can tell from 
the returns, — whether graphite or asphalt, or something else — 
and you know for yourselves what “ graphite ” or “ asphalt ’’ may 
mean,— it may mean anything. And as to the information rela- 
tive to the treatment of the surface in preparation for painting, it 
is of a most meager character as a rule. And most of the other 
information runs along the same line. You can perhaps get some 
general information from the replies as to how often, under cir- 
cumstances that have existed, standpipes have had to be painted. 
You will find one or two cases, perhaps three or four, where stand- 
pipes are twenty years or more old, and they say they have never 
seen the inside of them; they have never been opened since 
erected, and they “assume” they are in good condition. At 
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any rate, they have gotten by. But the superintendent who lets 
the standpipe go that way is taking a bigger chance than I would 
care to do, I think. 

PrEsIDENT Davis. We certainly do not want to discourage 
anybody who has come on here to take part in the discussion. 

Mr. H. A. Miter. Mr. President, I am very much disap- 
pointed that we are not able to hear something about the paint, 
because, whenever I am up against painting anything, I always 
get sort of a nervous chill, as I do not know much about painting. 
I came here to-day feeling that I would get some information that 
would settle a great many questions, and I hope that Mr. Sherman 
will give us, at some future date, some information on painting 
standpipes. I believe that, at the present time, it is one of the 
things regarding which we have very little information. 

PresipENT Davis. Then we will pass to the next paper, — 
“Small Pumping Engines,”’ by Mr. Symonds. 

Mr. Symonds then presented his paper, which was discussed 
by President Davis and Messrs. Frank L. Fuller, Samuel A. Ag- 
new, J. Harold Hayes, F. H. Hayes, Bertram Brewer, A. O. Doane, 
Reeves J. Newsom, T. G. Hazard, Jr., C. W. Fulton, and Leonard 
Metcalf. 

Owing to the lateness of the hour, the further consideration of 
the report of the committee on frozen water services was post- 
poned until some subsequent meeting. 

Adjourned. 


ANNUAL MEETING. 


Hore, Brunswick, Boston, 
January 8, 1919. 


The President, Carleton E. Davis, in the chair. 
The following-named members and guests were present: 


Honorary MEMBERS. 


E. C. Brooks. R. C. P. Coggeshall. F. E. Hall. 
F. P. Stearns. — 4. 
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S. A. Agnew. 
L. M. Bancroft. 
W. T. Barnes. 
H. K. Barrows. 


G. W. Batchelder. 


A. E. Blackmer. 
J. W. Blackmer. 
George Bowers. 
Bertram Brewer. 
H. B. Burley. 

J. C. Chase. 

F. L. Cole. 

W. R. Conard. 
John Cullen. 

F. A. Darling. 
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MEMBERS. 


Patrick Gear. 
H. T. Gidley. 
H. J. Goodale. 
F. W. Gow. 

F. M. Griswold. 
T. G. Hazard, Jr. 
Allen Hazen. 

D. A. Heffernan. 
J. L. Howard. 
W. F. Howland. 
J. A. Hoy. 

J. W. Kay. 

E. W. Kent. 
Willard Kent. 

J. A. Kienle. 

8. E. Killam. 


Miller. 

. Pickup. 

. Robinson. 

. Sanders. 

. Smith. 

. Snell. 

. Symonds. 
Tillson. 


C. E. Davis. 
J. H. Dillon. 
J. M. Diven. 
A. O. Doane. 
J. N. Ferguson. 
S. F. Ferguson. 


H. O. Lacount. 


UP era y 


Whittaker. 
P. Wilkins. 
Winsor. — 61. 


ASSOCIATES. 


Bond, H. L. Co., by F. M. Bates and 
F. M. Matthies. 

BuildersIron Foundry, by A. B. 
Coulters. 

Byers, A. M., Co., by H. F. Fiske. 

Central Foundry Co., by R. W. Con- 
ard. 

Donaldson Iron Co., by C. F. Glavin. 

Eddy Valve Co., by H. R. Prescott. 

Edson Mfg. Co., by H. L. B. Watson. 

Fire and Water Engineering, by 
C. B. Hayward. 

Hayes Pump and Machinery Co., by 
F. H. Hayes. 

Hersey Mfg. Co., by J. H. Smith. 

Lead Lined Iron Pipe Co., by T. E. 
Dwyer. 

Ludlow Valve Mfg. Co., by A. R. 
Taylor. 


National Meter Co., by J. G. Lufkin. 

National Water Main Cleaning Co., 
by B. B. Hodgman. 

Neptune Meter Co., by H. H. Kinsey. 

A. P. Smith Mfg. Co., by F. L. North- 
rop. 

Thomson Meter Company, by E. M. 
Shedd. 

Union Water Meter Company, by 
H. W. Jacobs. 

United Brass Mfg. Company, by 
G. A. Caldwell and W. N. Fairfield. 

Wood & Company, R. D., by E. J. 
Lame. 

Worthington Pump and Machinery 
Corp., by Samuel Harrison and 
W. F. Bird. — 24. 
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GUESTS. 
New HaAmpsHIRE. MASSACHUSETTS. 
Manchester, Frank Dill and George Cohasset, L. T. Litchfield. 
Woolner. Holyoke, Frank M. Livingstone. 
New York. 


New York City, S. Willard Jacobs and 
G. C. Northrop. 
Woodhaven, James Cochran. — 7. 


At the request of President Davis, after calling the meeting 
to order, all present rose and remained in most impressive silence 
with bowed heads, as a tribute to the memory of ex-President 
Roosevelt. Then the Secretary read the following resolution, 
reported by the Executive Committee: 


“The New England Water Works Association hereby records 
its deep sense of loss in the death of Theodore Roosevelt, former 
President of the United States and a typical American. His 
strong and vigorous manhood and extraordinary range of activities 
brought him frequently in touch with the interests of this Asso- 
ciation. As individuals we are grieved, and as an organization 
we feel his passing keenly.” 


On motion of Mr. James H. Mendell, it was voted that the 
resolution be adopted and published in the JouRNAL. 

The Schumaker-Santry Company, Boston, power-plant equip- 
ment engineers, was elected to associate membership. 

The Secretary, Mr. Willard Kent, submitted the following 


report: 


REPORT OF THE SECRETARY. 
JANUARY 1, 1919. 
Mr. President and Gentlemen of the New England Water Works Association, — 
The Secretary submits herewith the following report of the changes in mem- 
bership during the past year, and the general condition of the Association. 
The present membership is 905, constituted as follows: 13 Honorary, 
815 Active, and 77 Associate Members, there being a net loss for the year 
of 97. The detailed changes are as follows: 


MEMBERSHIP. 


13 


: 
i 
4 q 
Dae January 1, 1918. Honorary Members........... 14 
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January 1, 1918. Total Members............... 
Withdrawals: 


Initiations: 


Reinstated: 
Member dropped in 1913.... 
Members dropped in 1917... 


Elected 1917, qualified 1918.... 


January 1, 1918. Total Associates 
Withdrawals: 


Elected 1917, qualified 1918.... 


January 1, 1919. Total membership 
January 1, 1918. Total membership 
Net loss 

The Secretary has received and paid to the Treasurer, $7 941.51. 
Of this amount, the 

Receipts for initiation fees were 

From dues of members 

From dues of members, fractional 

From dues of members, past 

$3 344.38 
From dues of Associates 
From dues of Associates, fractional 


1 621.25 


Total from dues 


901 
54 
42 
16 
— 112 : 
— 789 a 
— 20 d 
— 20 
: 
3 5 
1 
6 
— 815 
— 76 
1 
— 
2906 i 
97 
$97.00 
xa 
= 
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From advertising 

From JOURNALS 

From sundries 


Total as above 


There is due the Association at this date: 
For advertising 


The outstanding bills against the Association amount to $1 007.36. 
Respectfully submitted, 
WILLARD KENT, Secretary. 


REPORT OF THE TREASURER. 


Mr. Lewis M. Bancroft, Treasurer, submitted the following 
report: 
CLASSIFICATION OF RECEIPTS AND EXPENDITURES. 


Receipts. 


Dividends and interest $198.22 
Initiation fees 


JOURNAL: 
Advertisements $1 815.00 
Sale of JouRNALS 63.51 
Sale of cuts 


Total received from JOURNAL. 2255.50 
Miscellaneous Receipts: 
Sale of ‘“‘ Pipe Specifications ” 


Certificates of membership....................... 
Buttons 

June excursion 

Miscellaneous 


Total miscellaneous receipts............ 


Total receipts $8 133.33 


j 

$1815.00 

244.50 

63.51 

755.87 

| 

5 062.63 

6.00 
1.50 
3.62 
26.02 
7.44 
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Expenditures. 
JOURNAL: 


Printing 

Envelopes and postage 


$4 103.01 
Office: 
Secretary’s expense 
Assistant to Secretary 


2 379.49 


Meetings and Committees: 
Reporting 
Stereopticon 
$730.70 
10.00 


Treasurer’s salary and bond 
Certificates of membership 
Water-waste posters 

Dues of members in service 


$8 280.89 


95 
Advertising agent’s commission................... $177.15 
2 929.62 
300.00 
31.36 
224.70 
372.25 
22.70 
Bi a Assistant to Secretary, expenses.................. 139.57 
ot Printing, stationery, and postage................. 295.17 
$28.50 
94.70 
756.70 
So Printing, stationery, and postage................. 328.46 
: 1 289.70 
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Report oF AUDITING COMMITTEE. 


Mr. Bertram Brewer presented the following report of the 


Auditors: 
Boston, Mass., January 8, 1919. 
We have examined the accounts of the Secretary and Treasurer of the 
New England Water Works Association, and find the books correctly kept 
and the various expenditures of the past year supported by duly approved 
vouchers. Respectfully submitted, 
GEORGE A. CARPENTER, 
EDWIN L. PRIDE, 
BERTRAM BREWER, 
Auditing Committee. 


On motion it was voted that the reports of the Secretary, Treas- 
urer, and Auditors as read be accepted. 


REPORT OF THE EDITOR. 
(Not read before Association.) 
JANUARY 15, 1919. 

To the New England Water Works Association, —I present the following 
report for JoURNAL OF THE NEW ENGLAND WaTER WorKS ASSOCIATION 
for the year 1918 

The accompanying tabulated statements show in detail amount of material 
in the JouRNAL. 

Size of Volume. — The volume contains 557 pages, a reduction of 251 pages 
from that of 1917, which was the largest ever published. 

Reprints. — The usual fifty reprints of papers have been furnished to 


authors without charge. 
Circulation. — The present circulation of the JoURNAL is: 


a decrease of 102 from the preceding year. JOURNALS have been sent to all 
advertisers. 

Advertisements. — There has been an average of 28 pages of paid adver- 
tisements with an income of $1 972.50, a slight increase over last year. 

Pipe Specifications. — During the year the specifications for cast-iron pipe 
to the value of $5.50 have been sold. The net gain up to a year ago had been 
$316.65, so that the total net gain from this source to date is $322.15. There 
are 139 copies of specifications on hand, $13.90 worth if sold at retail. 
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The Association has a credit of $12.55 at the Boston Post Office, being the 
balance of money deposited for payment of postage upon JouRNAL at pound 


rates. 


The following tables are for Volume XXXII, not for the calendar 


year, and receipts and expenditures show total charges and accounts payable 
with no reference to amounts actually received or disbursed. 


TABLE 1. 


STATEMENT OF MATERIAL IN VoLUME XXXII, JourNaAL or THE NEw 
ENGLAND WATER WorKS ASSOCIATION, 1918. 


PAGES OF 


tents. 


Advertisements. 

~ Gover and Con- 
Inset Plates. 
Total Cuts. 


Proceedings. 
Total Text 


3 |September 
4 |December 


~I 


| 
4 
4 1 
4 


5 


| 
‘i 5 129 16 


TABLE 2. 


RECEIPTS AND EXPENDITURES ON ACCOUNT OF VOLUME XXXII, JouRNAL oF 
THE NEW ENGLAND WATER WorKS ASSOCIATION, 1918. 


Receipts. 
Advertisement......... $1972.50 
Sale of JouRNALS 63.51 
Sale of reprints 127.87 
Sale of cuts 4.62 


Subscriptions 252.00 


$2 420.50 


Net cost of JOURNAL... 694.50 


Expenditures. 
Printing JourRNAL and 
mailing 
Printing illustrations. . . 
Preparing illustrations. . 
Editor’s salary......... 
Editor’s incidentals. . . . 
Advertising agent’s salary 
and commission 
Reporting 
Reprints 


| Date. | | 

‘| 

Pass | | | | | | 

61 7} 68} .| 32 

91 18 109] .| 33) 

| | | | | 

| Total. 346| 51 9 557) 46 

$1 847.88 | 

304.00 

120.66 

300.00 

6.36 

118.40 

a 224.70 

193.00 

$3 115.00 $3 115.00 
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REPORTS OF COMMITTEES. 


Standard Specifications for Cast-Iron Pipe. 


PrEsIDENT Davis. Is there any report from Mr. McInnes 
or any member of the Committee on Standard Specifications 
for Cast-Iron Pipe? 

Mr. Conarp. In the absence of Mr. McInnes, the committee 
can only say that, due to the war conditions, there is nothing 
but progress to report. 


Standard Specifications for Fire Hydrants. 


Mr. H. O. Lacounr. At the meeting in April, 1914, which 
was a special meeting, the hydrant specifications were adopted 
in part, but certain items, regarding which there were questions, 
were referred back to the committee for further consideration. 
I wrote to the manufacturers regarding one item, which was the 
matter of the friction loss, to obtain from them data regarding 
their own hydrants. I did not get any information from them 
at that time, and as a matter of fact I have not yet, but for reasons 
which will appear I did not follow up my first letter, so that we 
won’t lay too much blame at the door of the manufacturers, 
because they have been very busy. Then, a little later, the war 
broke out and the manufacturers generally, including the hydrant 
manufacturers, were increasingly busy from that time practically 
to the present, and it seemed to be rather inadvisable to bring up 
the matter of revision of the specifications, which might lead to 
a demand for different construction or design from what they 
were putting out at the time. Consequently the matter was 
allowed to rest. 

But since the armistice has been signed, and since the Secretary 
said that now was the time to go at it again, I just want to say, 
as a matter of progress, that the particular points which were 
referred back to the committee are now again before the committee 
and that we are very hopeful that in due time we may have some- 
thing specific to offer again for your consideration. It has, 
however, seemed, at least to the chairman, — and I have not 
yet heard from the other members of the committee, — that it 
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would be advisable, in view of the importance of these items 
which are to be considered, that the suggestions of the committee 
be bulletined to the members of the Association, so that the mem- 
bers may see in advance exactly what is proposed and be better 
prepared for discussion when the matter is finally before the 
Association in an open meeting. That we shall probably do, 
and, therefore, you will be advised in advance when the matter 
is to come before you again, with the idea that we may then finish 
the work which was begun some time ago. This I would suggest, 
therefore, as a progress report. 

PRESIDENT Davis. Is there any discussion of this progress 
report? 

Mr. J. M. Diven. Do I understand that the committee has 
a printed report on these three items which are under discussion, 
which will be published? 

Mr. Lacount. We haven’t the report yet completed. There 
are certain suggestions which are now before the committee. 
The committee has not had a meeting, and therefore the members 
are not even prepared to announce their own ideas on these points. 
The thought was that, rather than bring in a report which would 
not have advanced consideration, it was well not only to take 
the matter up with the manufacturers, which we naturally would 
do anyway, before sending out our report, but also to bulletin it 
to the Association members so that they might have an oppor- 
tunity to consider it in advance of final discussion. 

On motion it was voted that the report be accepted and placed 


on file as a progress report. 


Statistics of Water Purification Plants. 
(George C. Whipple, Chairman.) 


The Secretary read a letter from Mr. Whipple, in which he said: 

“T am sorry to say that we are not yet able to report, as the 
war has prevented all work of the committee during the past 
year. Will you be good enough to consider this as a request 
from the committee for a further extension of time.” 

PRESIDENT Davis. I take it that there is no objection, and 
the request will be granted and the committee continued. 
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Leakage of Pipe Joints. 
(F. A. Barbour, Chairman.) 


PRESIDENT Davis. Mr. Barbour is not here, but the Secre- 
tary has a letter from him which he will read. 
The Secretary read the following letter: 


New ENGLAND WaTER Works ASSOCIATION, 
Kent, Secretary: 

Dear Sir, — Replying to yours of December 18, in reference to report of 
the Committee on Leakage of Pipe Joints, I have to inform you that during 
the past year no work has been done by this committee, and no report will 
therefore be available for the annual meeting of the Association. Future 
progress in the investigations of this committee depend on experimental 
work, involving the employment of mechanics and laborers, and conditions 
during the past year have not been favorable for such an undertaking. 
Yours very truly, 


F. A. Barsour. 


PresipENT Davis. I think Mr. Barbour ought to have some 
new associates on his committee. I happen to be one member 
of the committee, and I know that I have done nothing except 
make promises which have not been fulfilled. Some of those 
promises were in connection with the mechanical work which 
Mr. Barbour suggested. He outlined a very interesting series 
of experiments, and I think some of them may go forward within 
the next few months. 


Standard Specifications for Meters. 
(Charles W. Sherman, Chairman.) 


Mr. SHERMAN. The committee has not been able to hold a 
meeting during the year, but there has been some correspondence 
between the members, and some data have been accumulated in 
written form, so that we can report progress in a technical sense, 
although the amount of progress has not been very great. We 
hope with the cessation of war-time activities we shall all have a 
little more time to give to professional subjects, and that we shall 
be able to accomplish something more tangible during the coming 
year. 
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Revenue from Fire Services. 


(W. C. Hawley, Chairman.) 


The Secretary read the following letter: 


DECEMBER 20, 1918. 


Mr. Kent, Secretary, 
New ENGLAND WaTER Works ASSOCIATION, 
715 Tremont Tempe, Boston, Mass. 

Dear Sir, — Replying to yours of the 18th inst., would say that the Com- 
mittee on Revenue from Fire Services has not had a meeting owing to condi- 
tions brought about by the war and the absence of Mr. E. V. French in France. 
I-am very sure, however, that the individual members of the committee have 
the matter in mind, and that when we are able to meet it will be found that 
substantial progress has been made, and we shall hope to be able to make a 
report to the next convention. 

The matter of rates for private fire protection is coming more and more to 
the attention of the public service commissions and is being studied by them, 
and I think that we may hope for some decisions which will be helpful in the 
near future. In my own case I know that I have been having some experience 
within the last two years on this subject which has led me to change my mind 
quite materially on the question of how and what sort of charges should be 
made for private fire protection. 

Yours very truly, 


W. C. Hawtey. 


PRESIDENT Davis. I suppose the committee will be continued. 


Frozen Service Pipes. 


(Frank J. Gifford, Chairman.) 


PRESIDENT Davis. There ought to be considerable discussion 
of this, because it has been up once or twice and is unfinished 
business. Mr. Gifford is not here, but Mr. Lally is present. 
Mr. Tuomas E. Latty. The committee has nothing further 
to report at the present time. The matter has been dragging 
along ever since the September meeting, and we have hoped that 
somebody would get up and start something, but nobody seems 
to care to do it. If any of the members here would like to have 
any information which the committee can give, we would be glad 
to give it. 


} 
> 


PROCEEDINGS. 103 


Mr. D. A. Herrernan. I would like to have this matter 
go over until the next meeting and have it advertised for that 
meeting, because there are not many superintendents here to-day. 
If it can be advertised as one of the matters for discussion at the 
February meeting, then perhaps the superintendents will come 
in and tell us their experience during the last winter. 
Presipent Davis. I think the committee ought not to be 
disappointed because of the lack of discussion of their report; 
in fact, I think it is a compliment to them, and it is because their 
treatment of the subject was so full and complete and their in- 
vestigations so comprehensive that I believe the members feel 
that by going to the report they can find almost any question 
answered. I know that has been my thought on the subject, 
and I presume it has been that of a great many, that the com- 
mittee had covered the subject so comprehensively there could 
not much more be said. 


Priorities. 
(Willard Kent, Chairman.) 


Mr. WitiarpD Kent. Your Committee on Priorities, appointed 
June 19, 1918, to protest in behalf of the Association against the 
classification of the manufacture of meters and other water- 
works supplies as non-essential industries, find themselves unable 
to make even a progress report. President Davis of our Asso- 
ciation had previously been appointed on a committee from the 
American Water Works Association on the same subject, and 
our committee was appointed to work in conjunction with them. 

As the result of his initiative he advised us that “ it is abso- 
lutely useless to interview the Priorities Board on any general 
matter. They will take up specific cases, but absolutely decline 
to interest themselves in general matters. Any attempt to secure 
action along general lines is impracticable.” 

The New England Preferred List of Industries and Plants, 
issued September 3, 1918, placed public utilities in Class 2, a 
much more liberal classification than those which had preceded it. 

As you know, the committee and the Association suffered a 
great loss in the death of Mr. William F. Woodburn, who with 
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Mr. Seth D. Higley had recently been added to the committee. 
A letter written by Mr. Woodburn three days before his death 
emphasizes his deep interest in the Association, of which those 
who had the pleasure of his intimate acquaintance are so well 
aware. It is as follows: 

Boston, Mass., September 12, 1918. 
Mr. WILLARD KENT, 

NARRAGANSETT Pier, R. I. 

Dear Mr. Kent, — I understand that I have been appointed on your Priori- 
ties Committee and am disregarding the formality of waiting for notification 
of this appointment to write you that if it is the intention that this committee 
get results, I am with you, as what we accomplish will be a great benefit not 
only in New England, but all over the United States of America. 

It will mean quick, forceful action, with lots of hard work, and the backing 
of the Association on any action the committee may consider wise; but result 
will be worth it. 

Kindly advise me what has been done by the committee to date. 

Sincerely, 
Wa. F. Woopsurn. 
201 DevonsHIRE STREET, 
Boston. 


I am pleased to say that ‘it is the belief of your committee that 
the exigencies which called for its appointment are past, and that 
there is now no good reason for its continuance. 


Kent, Hiram A. MILLER, 
A. E. Martin, Sern D. 


Wo. F. Woopsurn, 
(Deceased,) 


Committee on Priorities. 


PRESIDENT Davis. I take it that a motion to accept the report 
and discharge the committee will be in order. 

On motion it was voted that the report be accepted and the 
committee discharged. 


THE Dexter Brackett MemoriaL MEDAL. 


PRESIDENT Davis. The award of the Dexter Brackett medal 
is the next matter of business. The Secretary will announce the 
action of the Executive Committee. 

Tue Secretary. The Executive Committee at its meeting 
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to-day voted to award the Dexter Brackett memorial medal for 
the year 1917 to Mr. Albert L. Sawyer, water registrar, Haverhill, 
Mass., for his paper entitled, “‘Some Advantages of Classified 
Cash Books.” 

PRESIDENT Davis. - Mr. Sawyer is not here this afternoon, 
and it was not the intention to make the presentation at this 
time, but merely to indicate the action of the committee. I 
presume Mr. Sawyer will be here at the February meeting, and 
we will make the presentation then. I want to express my grati- 
fication that the award has been made to Mr. Sawyer, and that 
it has been made for a paper of this particular character. 

(Later in the afternoon the newly elected President, Mr. Killam, 
announced that the Executive Committee had appointed as a 
committee to award the Dexter Brackett medal for the year 1918, 
William T. Barnes, William F. Sullivan, George W. Batchelder. 
The committee will report before August 1, 1919.) 


ADDRESS BY THE RETIRING PRESIDENT. 


PrEsIDENT Davis. In entering on the period of reconstruction 
a glance backward over the era of war is not unnatural. None 
of us proposes to linger unduly or be diverted from the immediate 
problems of the future, but a reasonable view backwards may be 
an inspiration for what is ahead. 

Water-works officials may feel legitimate pride that the utili- 
ties under their direction responded generally to the public ne- 
cessities in a satisfactory way. Probably no other function, 
essential for the prosecution of the war, suffered fewer breakdowns 
and caused less concern to the consumer than did the water 
supplies, notwithstanding that water works, equally with other 
public-function activities, were handicapped by the general 
difficulties of the situation. These results were the operator’s 
contribution to the general cause, and the outcome testifies to 
the fundamental soundness of the water-works plants of the 
country. 

The period of reconstruction — physical, mental, moral, and 
financial — now comes. We have all drawn on our capital re- 
sources, whether invested in plant which has deteriorated by accel- 
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erated depreciation, or held in some other form. It is universally 
held that fundamental changes are at hand, and various opinions 
as to what the future will develop may be had for the asking. 
Definite predictions at this time are largely valueless; but we all 
know that when materials are in a state of flux, the opportunity of 
the molder is at hand. Out of the present situation will come 
whatever those who are able to form and direct may desire. 

Our Association has passed through the war without material 
change or without suffering serious loss in numbers or resources. 
We have had no opportunity to perform conspicuous public 
service as a body, but through individual members and through — 
the uniquely essential works which those members represent, 
the Association has rendered indispensable help. 

It is not out of place to repeat the statement previously made, 
that the country was notably prepared for war in sanitary science 
and military public health activities in which this Association 
has performed sound pioneer work. 

Reconstruction will affect this Association as a body, as well 
as the utilities which its members control. As a body of men 
we definitely control the future of our own Association and can 
shape its course as we choose. In the future, as in the past, the 
New England Water Works Association will be guided by men 
of wide vision who will lead and not follow, and we may look 
forward with confidence in the certainty that this Association 
will maintain its preéminent position. But changes are inevi- 
table, and the Association will not wait for outside influences to 
take the initiative; rather it will shape its course in such a way 
as to be in the forefront of new thought and activities. 

Suggestions and recommendations will be premature, but 
thoughts expressed out loud may not be inopportune. Our 
Association has a unique position in reasonable centralization 
of membership, frequent meetings, and permanent headquarters. 
Greater advantage will doubtless be taken of this situation, 
and the headquarters organization developed in a way to render 
larger return to the membership. 

We have the opportunity of assuming a commanding position 
as the recognized center of water-works data and information. 
The Association will grow according to the service it renders. 
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There is an opening for a new field of usefulness in the development 
of the headquarters force so that any person, anywhere, desiring 
information on water-works subjects will think naturally of the 
New England Water Works Association as the source to which 
to apply. Such service would bring returns in increased member- 
ship, wider circulation of the JourNAL, and greater advertising 
value for its pages. 

The Association has always been notable for the freedom and 
frankness of discussion at its meetings, such freedom being caused 
by the knowledge that the Editor is a judicious reporter. The 
JOURNAL has the reputation of being the most sound and prac- 
tical publication of its kind, truly reflecting the nature of the 
organization. 

Perhaps the younger members are not heard from as frequently 
as desirable, and the well-worn formula that the young members 
must be encouraged is often heard. There is a natural gravi- 
tation of one age to a like age, and it may be that there has been 
an undue representation of the members of maturer years in the 
management of the Association, who may lack the necessary 
acquaintance among the younger men to bring out all their possi- 
bilities. I feel sure I voice the unanimous desire of all when I 
commend to all members, younger or older, the overcoming of 
any reluctance to offer whatever they have in mind at any time, 
with the assurance that it will be heartily welcomed. The Asso- 
ciation follows the advice of Saint Paul to the Thessalonians, to 
try all things and retain that which is good. 

The old-fashioned experience meetings are typical of the spirit 
of this Association. They were good for the soul and good for 
the mind, and personally I hope it will be found proper to develop 
and increase their number. They have been the means of placing 
at the disposal of the general water-works practitioner a vast 
fund of invaluable information concerning ways and means, and 
at the same time they have furnished a wonderful safety valve 
for pent-up feelings. True, there is an outlet for such feelings 
in conversation with fellow-members during the social periods 
incident to the meetings, but not all members can attend the 
meetings, and even reading about the other man’s troubles is 
often a great relief. 
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Possibly the future may develop periodical meetings conducted 
by the associates, — meetings at which the present practice will 
be reversed and the associates talk while the members listen. 
It may be that the associates are now obtaining an undue ad- 
vantage in listening to the views of the members, pro and con, 
without being obliged to commit themselves to any line of action. 
On the other hand, perhaps the members are not availing them- 
selves of an opportunity to hear a frank discussion between the 
various makers of the articles in everyday use by the water- 
works operator. Nothing could be more enlightening than a 
free discussion between makers of competitive goods, and doubtless 
such discussions could be brought about without detriment to 
any and with profit to all, apart from the features that may savor 
of competition. There are likewise vast funds of useful infor- 
mation in regard to fundamentals at the command of the asso- 
ciates which could profitably be placed at the disposal of the 
Association. 

This same principle might be carried further with advantage, 
and associates be given membership on committees investigating 
subjects in which the associates are vitally interested. Such 
a procedure would give the opportunity for a minority report, 
if such should be necessary, and thereby tend to the more complete 
enlightenment of the Association on all phases of any particular 
subject. 

One change which has already been effected by the war, and 
at the instance of this country, is open diplomacy and the adoption 
of perfect frankness in discussion. In following these lines the 
Association will doubtless reconstruct the present rather indefi- 
nite financial status of the associates. From dues and through 
advertising, the Association derives about one half of its income 
from the associates, and for the conventions accepts or solicits 
contributions for entertainments and hospitality. This is not 
done solely as a matter-of-fact business transaction, nor do the 
associates make such contributions solely because of their per- 
sonal regard and esteem for the members. The business factor 
is tempered by the fact that the association furnishes a medium 
through which personal relations are developed to the mutual 
advantage of both parties having business to transact with each 
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other. This is the case, and the situation should be frankly 
recognized and put on a definitely understood basis. 

A notable recognition of the wide range of activities embraced 
within the membership of this Association is the award of the 
Brackett memorial for a paper devoted to accounting. The 
water-works operator has been too often classified as a specialist 
on pumps, pipes, reservoirs, or some similar matter, while in fact 
he is responsible for not only the operation of highly specialized 
machinery but he is further charged with the conduct of large 
business interests. By its own action, the Association now lays 
claim to this larger sphere of operations, and asserts the proper 
standing of its members in the community. 

The annual convention in 1918 was on a strictly war-time 
basis, without special entertainment and without the customary 
exhibits. An innovation in the way of poster advertising urging 
the reduction of waste as a means of saving coal was an accompani- 
ment of the convention which attracted considerable attention. 
The idea of saving coal by this method was taken up and expanded 
by the national Fuel Administration. 

I have purposely refrained from any extended or detailed 
enumeration of events of the past year for the past at this period 
is behind us in an entirely new sense, and we are at the beginning 
of an entirely new era to which we are looking ahead with con- 
fidence. 


ELECTION OF OFFICERS. 


Mr. Thomas E. Lally presented the following report of the 
tellers appointed to canvass ballots for election of officers: 


President 
Vice-President. 
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Additional Members Executive Committee. 


236 


240 
239 


(Signed) THOMAS E. LALLY, Chairman. 
W. E. WHITTAKER. 


President Davis thereupon declared the following to have been 
elected officers for the ensuing year: 

President, SAMUEL E. K1ILuam. 

Vice-Presidents: HENry V. Macksry, CHARLES W. SHERMAN, Percy R. 
SANDERS, Frank A. BarBour, THomas McKenzir, JAMES H. MANDELL. 

Secretary, WILLARD KENT. 

Treasurer, LEw1s M. BANcroFt. 

Editor, Henry A. SyMonps. 

Advertising Agent, HENry A. SyMonps. 

Additional Members Executive Committee: FRANK J. Girrorp, A. R. HaTuHa- 
way, Patrick GEAR. 

Finance Committee: GrEoRGE A. CARPENTER, Epwin L. PripE, FRANK A. 
MarsTON. 


President Davis then called the new President to the chair. 


ADDRESS BY PRESIDENT KILLAM. 


Mr. President and Fellow-Members of the New England Water 
Works Association,—I am honored and I greatly appreciate the 
honor of being elected President of this Association. 
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In sharing the honors and the responsibilities of the manage- 
ment of the Association with its newly elected officers permit 
me to request that the same good-fellowship and hearty coéper- 
ation, for which this organization is noted, be continued through- 
out the coming year. Individual efforts are commendable, but 
without the constant codperation of the membership we cannot 
reach the effective and successful end that is desired. 

Now, with the record of the great war behind us — a record of 
which we all are justly proud — let us welcome back our members 
and face the reconstruction work with renewed vigor. We each 
have a duty to perform, and one which as managers, superintend- 
ents, engineers, and manufacturers we owe not only to ourselves 
and to the communities we serve but to the general public. There- 
fore let us meet this duty squarely, with a firm and steadfast reso- 
lution to overcome the delays that have been inevitable during 
the past year. Well have your water supplies been guarded, 
and great credit is due to the measures taken to preserve and 
safeguard the public health during the past troublous months; 
and may the lessons learned be given, in due time, to the fraternity, 
so that mutual benefit may be derived from your experiences 
in planning reconstruction and extension of the present works 
or the laying out of new supplies. 

To the active members I would say that the future of the Asso- 
ciation is in your hands. It is your duty to continue this or- 
ganization as the leading power which it has always maintained 
in the water-works fraternity. Let us therefore work together 
to carry out those high ideals that are ours by inheritance, lest 
some similar society replace our standard by actual achievements. 
I ask the members, irrespective of profession, to volunteer for ac- 
tive service in order that our higher ideals may be put into action. 
If volunteers fail us it may be necessary to resort to selective 
draft in order to secure papers and membership on committees. 

To the members that have been long in service I extend a most 
cordial greeting, and beg you to tarry with us that we may have 
the benefit of your long and varied experiences. The Association 
needs your counsel as much to-day as it did years long ago, so 
that the high standard which you have set may be maintained 
in the future. 
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May the associate members, who have always shown the high- 
est regard for this body, continue to exercise the same influence 
for building up this Society in the future as in the past, so that 
the founders — who builded better than they knew — may look 
with pride on the good-fellowship and hearty codéperation which 
has always existed between the active and associate membership. 

I congratulate you on the personnel of the officers who have 
been elected to serve with me during the coming year. In every 
live organization there will always be differences of opinion as 
to management. A free and frank discussion of such differences 
will be very beneficial in administrating the affairs of the Asso- 
ciation. Let us enter upon our duties with open minds and with 
firm determination to carry on the work for higher ideals, better 
service, and in the best interests of the New England Water 
Works Association. 

Is there anything further to be brought before the Association 
at this time? 

Mr. Henry A. Symonps. Mr. President, at the beginning of 
a new year it is proper that we should look into all Association 
matters, and if possible inaugurate new and improved methods 
for the coming twelve months. 

With this in view, I wish to call attention of the Association 
to what seems to me to be an obligation of the members of this 
Association towards the advertisers in the JouRNAL, which you 
have been kind enough to place in my hands for another year. 

It seems evident that for all firms and individuals furnishing 
supplies, or doing business in any way relative to water works, 
there is no medium in this section of the country which fills the 
needs of a good advertising medium equal to the New England 
Water Works Association JOURNAL. 

There have been occasional complaints that the advertising 
by the associate members was rather to help along the Association 
than because of the value they placed upon the “ ads.” 

I am convinced that this is not the point of view taken by most, 
if not all, the advertisers, and that on the contrary they consider 
it a good business proposition. 

On the other hand, it is evident that their ‘ ads” can be made 
still more desirable and valuable by the attention of the members 
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of the Association to this matter, and I believe it is an obligation 
upon the members to give especial attention to the list of advertise- 
ments. 

There is, of course, no obligation to pay higher prices, because 
the advertisements have been taken, but if the members will give 
a greater amount of attention to the advertisements, their value 
will be correspondingly increased. 

I hope that during the coming year all subscribers to the JouRNAL 
wil] make it a point to familiarize themselves with the “ ads.” 
more carefully than ever before, so that our JouRNAL may become 
recognized to a still greater extent as the leading advertising 
medium for all water-works supplies. 

I am sure you will cordially codperate along this line. 

PRESIDENT Kitutam. Anything further to be said for the 
good of the Association? 

Mr. ALLEN Hazen. Your Committee on Meter Rates was 
discharged two years ago, but there have been some happenings 
since which may be of interest to members of the Association. 
The form of water rates that was adopted by the Association has 
been put into effect by the Hackensack Water Company, supply- 
ing several hundred thousand people in the state of New Jersey; 
and during the past year it has been put into effect by the Spring 
Valley Water Company in San Francisco with some 70 000 services 
and by the East Bay Water Company, supplying Oakland, 
Berkeley, and Alameda, also with some 70 000 services; and the 
rate established by the Railroad Commission was in the general 
form, although not the exact form, of the Association’s rate. 

Mr. Sherman tells me, also, that the rates in that form have 
been adopted in Middletown, Conn. So rates in the Association’s 
form have been adopted and are in use to-day by a population 
in excess of a million people. That is quite a progress report, 
I think, and I am glad to make it to the Association. [Applause.] 

Mr. Carteton E. Davis. I think perhaps some members 
of the Association might be interested in this: At the time of 
the annual convention, when the subject of locating under- 
ground leaks was up, I mentioned a certain contrivance which 
one of the Philadelphia Water Bureau men devised. Since that 
time he has developed it rather extensively. So far as I know, 
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it is an enlargement of the stethoscope. The machine sells for 
about ten dollars, and thus far it has proven very successful. 
It is about the shape and size of the receiver of a telephone, with 
a little projection at the bottom to place on the ground or other 
listening point, and it has a tube with two branches, one of which 
can be inserted in each ear, and it has given some rather remark- 
able results not only in locating leaks but in locating the position 
of unknown underground pipes. 

For instance, we were metering a certain building which had 
been erected some seventy-five years. It had no cellar, and there 
was one known service pipe. It was surrounded on three sides 
by streets, and when the service which was known and which 
was metered was shut off there was still water inside the building, 
so it was desirable to find the pipe. This listening device was 
placed on a spigot in the back yard, and then a man with a crow- 
bar started to tap on the pavement above the mains surrounding 
the property on three sides. When he got to a certain point the 
sound was carried some one hundred feet to the listening point. 
It grew louder and louder, and then it died away, and at the 
point of the greatest sound they dug down and there was the 
missing service pipe. It appears to be rather an ingenious ap- 
pliance, and one of the very nice things about it is that it is ex- 
ceedingly cheap. It is portable, it can be put in your pocket, 
and apparently it can stand rough usage and is giving results. 

Mr. J. M. Diven. Is the device on the market? 

Mr. Davis. I think it is practically on the market. We 
have bought some ten or a dozen of them which have been made 
by hand; but there are dies now, so that they can be made in 
quantity. 

Mr. Diven. Is it advertised in the JourNAL? [Laughter.] 

Mr. Davis. No. I am not financially interested, of course, 
but I should like to see the man make a legitimate profit. Now 
if he does advertise in the JouRNAL, how many will you buy? 
[Laughter.| 

PRESIDENT KILLAM. We are always glad to hear from mem- 
pers from a distance. Mr. Hazen has spoken to us, and I see 

‘other man here from New York, Past President Smith. We 
would be very glad to hear from him. [Applause.] 
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Mr. J. WaLpo Smiru. I do not know that I have anything 
of interest to state to the meeting at this time. New York has 
had some difficulties in the last year. You all remember the 
conditions that were existing a year ago, when there was such 
an enormous consumption of water during the cold weather, 
and we felt then that it was most fortunate that the Catskill 
water had been delivered to New York a year in advance of that 
time. On the other hand, I think it was perhaps unfortunate 
that the people didn’t have a little trouble, in order to bring 
them to a realization that the water was really needed, because 
‘even at the present time I think there are papers which defend 
the opinion that New York had water enough without the Cats- 
kill. But considering the fact that for a period of a year and 
nine months we have been using 425 million gallons a day of 
Catskill water, so that the Ashokan reservoir was depleted over 
69 billion gallons, and the Kensico reservoir, which was always 
meant to be kept full except in times of emergency, was nearly 
half depleted, or about 12 billion gallons, the water-works people 
at least realize what a dreadful condition would have existed had 
Catskill water not been available. I don’t think even the very 
serious condition which really existed at Jersey City, where they 
wouldn’t even furnish water for the Erie Railroad, was any worse 
than it would have been in New York. 

This condition of the Kensico reservoir was brought about by a 
very general increase of pressure all over the city, extending on 
the west side as far south as the Battery. In order to save as 
much pumping as possible, Catskill water has been used in ex- 
cessive amounts to keep the pressure. But whereas the aqueduct 
will now deliver from the Kensico reservoir about 380 million gal- 
lons a day, the draft for a long period has been 425 or 450 million 
gallons a day, and in one period of the year it was over 500 million 
gallons a day, so they have been drawing the surplus out of the 
Kensico reservoir. Of course that cannot go on forever, and now 
by curtailing the waste and by pumping we hope to reduce the 
drawing from the Catskill so that the Ashokan reservoir in the 
course of a few years may fill up. 

We all know from experience in our various water works how 
difficult a matter it is to educate the public — and public officials, 
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perhaps, more than the general public — to believe that some 
addition to the water supply is necessary; and still more difficult 
to induce them to grant to any administrative body sufficient 
authority so that a new supply can be developed with economy 
and with expedition. The Board of Water Supply is most for- 
tunate that it has never found itself in the condition of the Public 
Service Commission who on the last day of the year were obliged 
to lay off from their working forces in the engineering department 
about 380 men at only an hour’s notice, for the sole reason that 
through recent legislation they were tied to the Board of Estimates 
hand and foot. Not a salary could be increased, not a new posi- 
tion created, without an appeal to the governing body of the city, 
and the approval of the board of aldermen, and whereas this 
might and does work to some degree with a regular city depart- 
ment, whose business is somewhat uniform, it is an utter impos- 
sibility and will lead only to delay and expense with a commission 
such as the Public Service Commission building the new subway, 
or the Board of Water Supply which built the Catskill works. 

Mr. F. H. Hayes. Mr. President, I am an associate member, 
and I have to ask the freedom of the floor. 

PRESIDENT KiLuaM. It is granted, Mr. Hayes. 

Mr. Hayes. What I have to say has particularly to do with 
the associate members, and it relates to the subject of a certified 
check or a bidding bond. I endeavored to bring the matter 
before the Association two years ago, and it was placed on file, 
and I guess it has been on file ever since. The condition is this: 
We are asked to make prices for such material as we may be called 
on to furnish, and we have to put up either a bidding bond or a 
certified check. If we have several bids out, it ties up a consider- 
able amount of money that is of no good te anybody. It loses 
interest the minute it leaves the bank, and it takes the chance 
of the bank not honoring the check if for any reason the bank 
should become insolvent. A bidding bond, which accomplishes 
the same object, comes from a responsible company and it is 
accepted. 

Now, the question I want to get before this Association, and 
have tried to in the past, is for you to consider whether it is ad- 
visable to do, as the United States Government does, accept a 
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bidding bond, rather than to make us tie up money which becomes 
useless both to you and to us for a certain length of time. Some- 
times it goes on for three months, and I have known of its going 
on for eight months. That is the reason I take this opportunity 
to bring the matter before the Association to see if we cannot 
have some action taken. I have talked to the associate members, 
and while they have agreed with me, they won’t get up and talk 
about it; and if there is any way in which we can get it before 
one of our regular meetings as a subject for discussion I hope it 
will be done. 

Mr. Carueton E. Davis. It seems to me this opens a very 
fruitful topic for discussion, and I think it is one which should be 
considered at some time in the near future. I think we might 
very well ask the Executive Committee to make it a topic for 
discussion, and I will make a motion to that effect. 

It was voted to refer the matter to the Executive Committee, 
in order that it might be made a subject for discussion at a future 
meeting. 

PRESIDENT KituaM. I notice that another of our well-known 
members has come in, whom we are always glad to hear, and 
perhaps he will say a word to us, — Mr. Metcalf, ex-president 
of the Association. 

Mr. Leonarp Metcatr. Mr. President and Gentlemen, —I 
am rather taken back. I don’t know quite to what subject you 
want me to address myself. The time of the Association is valu- 
able, and I lave not been here long enough to know what you have 
been considering to-day. 

PRESIDENT KitLaM. We are interested in reconstruction work 
and would like it if you could give us something along that line. 

Mr. Mercatr. I have been very much interested in the labor 
question, and its influence upon construction work at the present 
time; and I wonder somewhat what may be the opinion of the 
members of the Association present here to-day. It is very clear 
that at the present time considerable numbers of men, and women 
too, are being set adrift by the shutting down of the munition 
factories, and also by the gradual curtailment of work in certain 
lines of our staple industries, in a way which is likely to prove 
troublesome. I was in Schenectady, a week or ten days ago, and 
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found that the General Electric Company had shut off night work 
and overtime work, which had resulted in throwing, I don’t re- 
member the exact number, but thousands of employees out of 
their positions. I was told at the same time that various other 
works, like the American Locomotive Works, had shut down on 
their night work and were also curtailing in the output of their 
plant and cutting down the forces at work on day work. We are 
beginning to see it in this part of the country in growing measure, 
and we are face to face with the problem of furnishing permanent 
positions for the men returning from the front. 

In this connection I might tell you a story about something 
that occurred in our office the other day, which amused me a good 
deal, and which bears a little on this question. My partner’s 
son graduated a little more than a year ago from the Institute, 
and when the call was made for designers for service in the navy 
he took a special course given by Professor Peabody at the In- 
stitute, in naval architecture. Subsequently he went to New 
York and worked in the navy yard there, and then was ordered 
south to the Portsmouth, Va., yard, where he had charge of con- 
struction work. At the termination of the war he was face to 
face with a decision as to what he should do in the future. He 
came to New York and Boston and interviewed various men 
on his own initiative, and then at our suggestion, — and I think 
partly because his uncle was a representative of Kidder-Peabody ,— 
he thought he would try banking, and we ourselves had the feeling 
that that would be a good field. So I gave him a letter to one of 
the partners of Estabrook and Company whom he went to inter- 
view. The gentleman very courteously gave him his time, told 
him about the conditions, and finally said that he felt very strongly 
it would be wiser for him not to go into the banking business, 
but to stay in the engineering business if he had been trained in 
that field, because, he said, in the first place, a great deal of the 
banking work had become highly commercialized, it was simply 
a commercial business, selling securities; and, in the second place, 
he said many of their men had gone to the front in response to 
the first call and others had been drawn in to take their places, 
and now these men were returning and would have to be placed, 
and they all felt that they ought to be placed. 
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Now, when you think of it, the humor of the situation lies in 
the fact that we as engineers were certain that the banking busi- 
ness was a desirable thing for a young man to go into, and a 
successful banker was quite certain that the engineering business 
was the thing. Everybody seemed to agree that the shipping 
industry, for which the young man had been specially trained 
or towards which his work would point, was likely to meet very, 
very serious difficulties under the Seamen’s Act and the other 
limitations and demands of labor with which this Government 
is of course face to face. The shipbuilding industry is bound to 
let many men go in the near future, it seems to me, — it already 
has done so in certain yards, — and these men have got to get 
back to the normal industries. 

The wage scale has not yet materially reflected the increase in 
the mobility of labor, or the increase in the supply of labor. Mill 
men say that they have already found that the question of getting 
labor 1s not so serious as it was, and that the general attitude of 
labor is changing with the increasing supply of Jabor, and they 
say that they believe that this will result in better conditions, 
lead to greater efficiency and a little better attitude, from their 
point of view, of labor generally. I cannot help feeling that we 
shall see a decline in the scale of wage, but there doesn’t seem to 
be very much likelihood of decrease, particularly in the salaried 
positions, of permanent employees in water works, certainly not 
until there is a marked decline in the items which go to make up 
the cost of living, and those cannot well fall until after next sum- 
mer, it seems to me, when the crops have been harvested, because 
of the very serious needs abroad; so that the readjustment in the 
intervening time of six or nine months promises to be a difficult 
one. 

In this connection I was very much interested in the suggestion 
which a friend of mine made. He is an architect, and was in- 
terested in some work under the Housing Bureau. He had 
been revolving in his mind what could be done to make the con- 
ditions easier for labor, and this was his suggestion: Would 
it be possible in the building industry to make contracts through 
the labor organizations, on a basis which would presumably 
reflect fair current rates and would give organized labor the op- 
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portunity to get its wage? Then if it wished to work overtime 
or speed up the work, it would be perfectly possible for labor to 
increase its output by twenty-five or thirty per cent., and by 
working overtime to get a direct return within the time limit 
fixed for doing the work. In that way it would make it possible 
for labor to prolong the period of high return which it has been 
enjoying from overtime work, and at the same time benefit the 
person for whom the work was done, in that there would be 
greater certainty in the completion of the work, and that the 
very trying condition of having strikes towards the end and 
delays making it impossible to get into the building, would 
be avoided. I don’t know that the scheme has been tried. Of 
course it is analogous to what used to be done years ago, when 
a man entered into a contract with a boss carpenter who got 
a lot of employees about him and did the work. But, of course, 
it is obviously open to the difficulty that, in doing that, organized 
labor would be taking a certain risk which it may feel it is not 
necessary for it to take. However, it is very clear from what 
has been going on and the statements of opinion that we have 
heard, that a great many men are thinking along the lines of what 
can be done to bridge over a very difficult situation. I think 
in a business way many of us are going to feel it much more in 
the coming six months than we ever have before, on account of 
the uncertainty which lies before us, and the fact that communities 
are not yet ready to go forward with confidence in ordering supplies 
and materials and doing work, because they expect that there will 
be lower rates of wages later. [Applause.] 
Adjourned. 
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FEBRUARY MEETING. 
Hore. Brunswick, Boston, 
February 12, 1919. 


President Samuel E. Killam in the chair. 
The following-named members and guests were present: 


Honorary MEMBERS. 


E. C. Brooks. R. C. P. Coggeshall. George A. Stacy. 
Robert J. Thomas. —4. 


MEMBERS. 


D. L. Agnew. Almon L. Fales. S. E. Killam. 

S. A. Agnew. Geo. H. Finneran. George A. King. 
J. M. Anderson. Albert D. Flinn. P. J. Lucey. 
Lewis M. Bancroft. H. F. Forbes. S. H. MacKenzie. 
Jesse F. Barrett. F. L. Fuller. H. V. Macksey. 
Wm. T. Barnes. — Patrick Gear. A. E. Martin. 

H. K. Barrows. H. G. Gidley. J. H. Mendell. 
Geo. W. Batchelder. Frank J. Gifford. Leonard Metcalf. 
Henry F. Beal. H. J. Goodale. M. L. Miller. 
Arthur E. Blackmer. X. H. Goodnough. H. S. Noyes. 


J. W. Blackmer. J. W. Graham. Thos. A. Peirce. 
C. M. Blair. H. A. Hanscom. Henry E. Perry. 
Bertram Brewer. L. M. Hastings. Albert E. Pickup. 
John C. Chase. T. G. Hazard, Jr. Albert L. Sawyer. 
F. L. Cole. D. A. Heffernan. Walter P. Schwabe. 
John H. Cook. Charles R. Hildred. Charles W. Sherman. 
Fred A. Darling. A. B. Hill. Geo. H. Snell. 
J. M. Diven. W. F. Howland. Henry A. Symonds. 
Lewis R. Dunn. Jos. A. Hoy. E. J. Titcomb. 
Harrison P. Eddy. Lt.-Col. G. A. Johnson. Lewis D. Thorpe. 

a E. D. Eldredge. Willard Kent. Fred’k I. Winslow.—64. 


Frank Emerson. 


GUESTS. 


MASSACHUSETTS. ARKANSAS. 
Plymouth, Fred D. Bartlett. Camp Pike, Maye Hunter. 
Somerville, Frank E. Merritt. Harry J. Robinson, U.S. Navy. — 4. 


ASSOCIATES. 


Ashton Valve Co., by Harry H. Central Foundry Co., by P. W. Con- 
Ashton. row. 

Builders Iron Foundry, by A. B. Coul- Chapman Valve Mfg. Co., by J. T. 
ters and E. C. Steer. Mulgrew. 
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Eddy Valve Co., by.H. R. Prescott. 

Hayes Pump and Machinery Co., by 
F. W. Hayes. 

Hersey Mfg. Co., by J. Herman 
Smith. 

The Leadite Co., by Geo. McKay, Jr. 

Ludlow Valve Mfg. Co., by Arthur 
R. Taylor. 

Metropolitan Water Works, by A. O. 
Doane. 

H. Mueller Mfg. Co., by Chas. G. 
Haas. 

‘National Meter Co., by G. Lufkin 
and H. L. Weston. 

Neptune Meter Co., by N. H. Me- 
Garry, Jr. 

Pittsburgh Meter Co., by G. C. 
Northrop. 

Rensselaer Valve Co., by Chas. L. 
Brown and Irving A Rowe. 

George H. Sampson Co., by W. T. 
Page. 


A. P. Smith Mfg. Co., by F. L. 
Northrop. 

Thomson Meter Co., by E. D. Hig- 
ley and E. M. Shedd. 

Union Water Meter Co., by H. W. 
Jacobs and Donald K. Otis. ; 

United Brass Co., by Geo. A. Cald- 
well. 
United States Cast-Iron Pipe and 
Fdry. Co., by W. P. Mosteller. 
United States Rubber Co., by J. H. 
Learned. 

Wallace and Tiernan Co., by H. K. 
Davies. 

Warren Fdry. and Mach. Co., by 
H. K. Kinsey. 

Water Works Equipment Co., by 
W. H. Van Winkle. 

R. D. Wood & Co., by H. M. Simons. 

Worthington Pump and Machine 
Corp., by Samuel Harrison, Willis 
F. Bird and E. P. Howard. — 34. 


The Secretary announced that applications for membership had 
been received from A. R. G. Booth, Lowell, Mass., assistant 
chemist, Mass. State Department of Health; Thomas J. Carmody, 
Holyoke, Mass., water commissioner; George M. Graffam, Port- 
land, Me., auditor for Portland Water District and Bangor Water 
Works; W. W. Nye, Fairfield, Me., real estate; A. B. Thompson, 
Waterville, Me., assistant superintendent, Kennebec Water Dis- 
trict, — all properly endorsed and recommended by the Executive 
Committee. 

On motion of Mr. Edwin C. Brooks, the Secretary was directed 
to cast one ballot in favor of the applicants, and, he having done 
so, they were declared duly elected members of the Association. 


THe Dexter BRACKETT MEMORIAL MEDAL. 


THE PreEsipENT. The first matter on the program this after- 
noon is the presentation of the Dexter Brackett Memorial Medal 
to Albert L. Sawyer. Mr. A. D. Flinn will make the presentation. 
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Mr. A. D. Fuinn. Mr. President and Members of the New 
England Water Works Association, — It is quite unexpected that 
this privilege should be mine to-day, but in coming into the meet- 
ing I was informed that the other members of the committee on the 
award were not here, the distant member, as sometimes happens, 
being present when the man who lives near by is not. 

It is a genuine pleasure to be able to present this medal on this 
the second occasion of its award, not only because of the worthiness 
of the recipient, but because of my own very close intimacy with 
Dexter Brackett. When I first came to Boston as a youngster, 
a few years ago, it was with Dexter Brackett that I was very early 
associated, and it was with him that a very pleasant intimacy and 
friendship grew up, which lasted throughout the remainder of his 
life; and I see all around me men with whom I became acquainted 
through Mr. Brackett, — Mr. Coggeshall, for example, who sits 
here just before me. And so I was introduced to the New England 
Water Works Association by Mr. Brackett. 

When Mr. Brackett finished his work among us, not so very 
long ago, it seemed most proper and pleasant that some token, 
some constant reminder of his work for this Association should 
be established. And you will remember that Mr. Brackett had 
a very high ideal as to the work of the New England Water Works 
Association, that it was to be helpful to various kinds of men, 
men engaged in various activities that were associated with it. 
And so it is a peculiar privilege in awarding the medal at this time 
to know that the Association is giving it to a man who has con- 
tributed to our work in a branch which sometimes, perhaps, we 
have failed to appreciate,— that branch of management and 
direction which deals with the accounts. It is therefore a peculiar 
pleasure to give to Mr. Sawyer, as the author of the paper on 
“Some Advantages of a Classified Cash Book,” this medal. The 
paper, as you will remember, was presented at the Portland meet- 
ing in 1917, but, although it has taken so long to determine who 
was the worthy man, and to get the medal into your hands, Mr. 
Sawyer, please do not consider there was any lack of appreciation 
on our part of the value of your contribution to our Proceedings. 

I now present to you this medal. [Applause.] 

Mr. Ausert L. Sawyer. I thank you very much for your 
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kind words, and I receive the medal with a great deal of pleasure. 
I have always thought that I should very much like a medal, but 
up to this time I have never been fortunate enough to secure one. 7 
At the time of the Civil War I was too young to go, and I was too 
old to go to the last one, consequently I have had to be content 
with tags and buttons. I don’t know how it has been in your 
towns, but I will say that in my town I have been able to accumu- 
late a large and varied assortment of them. [Laughter.| I should 
think that about everybody who was represented at the building 
of the Tower of Babel and on the day of Pentecost has had a i 
drive in my town, to say nothing of such purely local affairs as the d 
Blossoms of Zion, the Boy Scouts, and Rescue Mission. 
I was greatly surprised when I received a letter from Secretary 
Kent announcing that I was to receive this medal. Of course 
personally I had no doubt that my paper was a most worthy one 
[laughter], but that the Committee on Award should say so, and 
the Executive Committee back them up, and thus make it unani- 
mous, was really more than I had any reason to expect. One 
thing, leaving out the personal element, that has appealed to me 
is the fact that while the first medal was awarded to an engineer, 
the second has been awarded to a representative of the office 
department of water works, showing that this memorial trust is 
to be administered in the most catholic manner. And I have an 
idea, now that one water registrar has received this medal, every 
other water registrar will decide that he wants one, and I wouldn’t 
be surprised if hereafter there were so many papers from registrars 
and treasurers that the engineers and superientendents will have ~ 
to sit up and take notice, or we shall be carrying off all the honors. aa 
[Laughter and applause.| Knowing as I do the high reputation ? 
attained in engineering and water works administration by mem- 
bers of this association, and also the high class of papers presented, 
I certainly consider it a great honor to receive this medal, and 
while I have a feeling that I am not worthy to receive it, I grate- 
fully accept the decision of the committee. 
I shall hereafter enter the date February 12 in my personal 
calendar as a red-letter day, celebrating not only. the birthday of 
Abraham Lincoln, but also the day on which I received the Dexter 
Brackett Memorial Medal. [A pplause.] 
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An AppREss BY LiEUT.-CoL. GEORGE A. JOHNSON. 


THE PRESIDENT. We have with us to-day an honored member 
of this Association who told me a little while ago that he belonged 
to about all the societies there were a-going, and that he placed 
the New England Water Works Association among the first. 
[Applause.| He also laughingly suggested that he was thinking 
of making an application to the Colonial Dames for admission to 
their society, and I told him I hadn’t any doubt but that he would 
at once be accepted on his uniform and his good looks. [Laughter.] 
It now gives me great pleasure to call on Colonel Johnson. [Ap- 
plause.] 

Ligeut.-CoL. Grorce A. JoHnson. Mr. President and Mem- 
bers of the New England Water Works Association, — This is 
quite unexpected. [Laughter.| When I was accosted by your 
worthy President, — our worthy President, I should say, — he 
asked me if I would say a few words to you to-day about the work 
of the Construction Division of the Army. I think you will 
judge from the state of my voice that I have been saying quite a 
few already. 

Lots of us were either too fat to fight or too old — as the re- 
cipient of the medal suggested — to do our bit at the front, but it 
was our good fortune to be placed at least in the home forces to 
carry on the work here at home. Active warfare is for youth; 
it is the supreme moment for them. But without the second line 
and the third line and still other lines back of them until they 
finally reach back to us here, youth could not go forward and 
experience that supreme moment. 

The Construction Division of the Army is an organization of 
which little has been said. Everybody in it, from the chief down, 
has been too busy to make public speeches or to write public 
stories. Shortly after the war broke out in April, 1917, there 
came the duty of providing quarters for the new army, not only 
places for them to sleep in, but complete facilities. Then in 
charge of such construction work was the Construction and Re- 
pair Division of the Quartermaster-General’s office. It was 
hoped at the time that that division would expand so as to be 
able to take this tremendous load, but it did not advance fast 
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enough. With the aid of civilian engineers and civilian advisers, 
— among the most worthy were those coming from this territory, 
— there was formed the Construction Division of the Army 
reporting direct to the Chief of Staff, the only division in the War 
Department reporting direct to the Chief of Staff. 

We wish to make it very plain that we are not connected directly 
with the Quartermaster-General’s office. We wish to have it 
understood distinctly among you gentlemen that the Construction 
Division of the Army is the civilian engineer division of the War 
Department. That seems to have been somewhat misunder- 
stood. It also seems to be the general conception that we are a 
part of the Engineer Corps of the army, which we are not. We 
have a distinct work to perform, a work which no one has ever 
done but the civilian engineers, whether in uniform or not. 

When America entered the war one of her problems was the 
housing of the new army. For the expeditious creation of com- 
plete cities, each housing an average of forty thousand men, the 
engineer, the architect, the city planner, the constructor, and the 
labor agent were called into the service as the Construction 
Division of the army. Instead of attempting to set up a number 
of organizations, it went to the civil life from which it sprang, 
and called upon the existing contracting organizations, engineers, 
and producers of materials, to aid in the accomplishment of its 
task. 

The magnitude of the undertaking cannot be over-emphasized. 
In a little over three months the Cantonment Division was ex- 
pected to have suitable quarters ready for the training of over 
1 000 000 men. 

The work of the Construction Division, in magnitude, speed 
of accomplishment, number of workmen employed, and materials 
involved, dwarfs any other construction or engineering project 
the world has ever known. The Panama Canal required ten 
years to construct, and cost approximately 3375 000 000, whereas 
the work of the Construction Division for one year and a half ex- 
ceeded three times this amount. While the work was being 
done, there was a shortage of labor and materials and congestion 
of transportation facilities unequaled in the world’s history. 
At one time 200000 men were employed in the field alone. 
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The work included 535 operations at 442 different and widely 
separated locations. 

The housing accommodations comprise about 40 large camps 
and several hundred minor projects, providing accommodations 
for more than 2 259000 men. In the case of camps, a complete 
city was built, including roads, walks, electric lights, water supply, 
sewers, sleeping quarters, mess halls, lavatories, theaters, post- 
offices, store buildings, telephone and telegraph offices, power 
houses, laundries, storage buildings, hospitals, stables, garages, ete. 

At army bases, interior posts and expeditionary depots, ware- 
houses, terminals, piers, wharves, and docks have been constructed 
on an hitherto unequaled scale. The areas total 27 502 300 sq. ft. 
of warehouses and pier sheds and 2 176 000 sq. ft. of open sheds, 
giving a grand total of substantially 30 000 000 sq. ft., or 690 acres, 
of storage space. This equals a building 70 ft. wide and 80 
miles long, or about equal in length to the distance from New York 
to Philadelphia. Most of the warehouses are of reinforced con- 
crete. These figures do not include miscellaneous warehouses, 
magazines, or those at camps, or used exclusively by the Ordnance 
Department. Adjacent to the terminal piers and docks there are 
39 000 lin. ft. of wharves, equivalent to 7.4 miles, for loading ships. 
This wharfage provides channels with a depth of 35 ft. at low tide, 
and is sufficient to berth 65 ships at one time on the basis of 600 ft. 
in length of wharf per ship. There have been built 1 644 miles of 
railroads exclusive of local trestles, etc., and 1061 miles of roads 
of which a large percentage are concrete. 

The Hospital Section has built or reconstructed buildings to 
accommodate 121 000 patients’ beds, and in addition has provided 
quarters for about 12 000 nurses, 24 000 enlisted personnel, and 
4 000 doctors. 

For the Ordnance Department, alone, there have been built 
more than 7 933 000 sq. ft., or 181 acres, of industrial and storage 
buildings, about 7 000 lin. ft. of docks, and about 3 250 000 sq. ft. 
of magazines. The work for the Ordnance Department and the 
Chemical Warfare Service has aggregated at cost of about 
$150 000 000, of which the following is a brief description: 

Six artillery proving grounds, of which the largest, at Aberdeen, 
Md., contains about 38 000 acres and has cost about $15 000 000. 


ge 


128 PROCEEDINGS. 


Seven ammunition storage depots, of which the largest one, at 
Raritan, N. J., contains over 150 fireproof magazines, has a stor- 
age capacity sufficient for nearly $400 000 worth of explosives, 
and cost about $12 000000. Most of these depots are provided 
with extensive dock facilities and from twenty to thirty miles of 
railroad sidetracks. 

Various fireproof building construction of steel, brick, rein- 
forced concrete, and hollow tile, together with the installation of 
miscellaneous machinery, etc., at nine of the permanent govern- 
ment arsenals, which are scattered from New England and the 
Atlantic Coast to California and Texas. At Watervliet it included 
a steel and concrete machine shop about 250 ft. by 600 ft., and 
other buildings of like character, which added about four thousand 
to the manufacturing force at that point. 

Nine plants for assembling ammunition, etc. Several of these 
installations cover three or four square miles, contain three to 
five hundred separate buildings in the one plant and thirty or 
forty miles of side tracks, besides power station, machinery, and 
- equipment of all kinds. 

- Twenty chemical manufacturing plants, with their buildings, 
facilities and equipment. These plants cost from $1 000 000 
to $13 000 000 each, and in most cases included housing facilities 
for the operating forces, as the plants were necessarily isolated. 

The Edgewood Arsenal, at Edgewood, Md., includes an ex- 
tensive plant for producing chlorine and other gases, an extensive 
gas shell filling plant, fireproof barracks, two hospitals, 600-ft. 
dam and reservoirs, and a 20000 kw. power station, and cost 
about $25 000 000. 4 

The work of the Construction Division, summed up briefly, 
has covered such diversified projects as camps, cantonments, 
wharves, docks, forts, arsenals, great port terminals, reserve 
storage warehouses, hospitals, of all sizes and descriptions, avi- 
ation fields, proving grounds, embarkation camps, engineer camps, 2 
gunnery schools, housing, lighters, power plants, factories, addi- . 
tions to manufacturing plants, munitions plants, and special new 
plants, —for the production of nitrates, phosphorous, T.N.T. 
and other acids, gas, and explosives. 

On top of the construction work there comes still another factor, 
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and that is the operation of these institutions. In the Construction 
Division there is the Maintenance and Repair Division. I have 
always thought that the nomenclature was somewhat unfortunate. 
We in civil engineering life are more fond of operation and main- 
tenance. This division to-day has complete charge of the opera- 
tion and maintenance of establishments, consisting of the major 
camps and cantonments, some 50 odd hospitals, 25 terminals and 
storage depots, together with the 66 border stations and the 
regular army posts. We have a force of 501 commissioned 
officers and 16 559 enlisted men. Those are spread over the es- 
tablishments. All of the work of those establishments is directed 
from the Washington office. Much of the time the Washington 
office is directed from the field, for we don’t let the tail wag the dog. 
We in Washington realize that our duty is to endeavor to work 
out the problems as they come to us from our men in the field, to 
judge them, to act dispassionately upon their reports to us, and 
to see that the men in the field are supplied with money and with 
men and with facilities to do their work. We know that the 
man in the field has a much harder job than we have. He is 
dependent to a large extent on us, but more largely on his own 
resourcefulness; and the way he has come through in this job is 
marvelous. 

In the field there is a utilities officer. Under him are chiefs of 
sections. Each utilities officer functions just the same as a city 
manager functions in civil life. We are the head office of the city 
managers. The duty of the utility officer in each one of these 
establishments is to maintain the roads and keep them in good 
condition; and when we realize the intensive use to which they 
have been put in this last year and a half you can imagine what a 
gigantic task it has been. The buildings, put up without paint- 
ing, have fallen into bad repair. Those have to be kept up. 
Windows have to be kept tight; the roofs have to be kept tight; 
the electric-lighting systems, put down hurriedly and without 
mature consideration, have to be revamped; and they have to 
function with high efficiency, or else the man gets “ bawled out ”’ 
by the Washington office, where we have expert electrical engi- 
neers to check up the work in the field. 

In each camp there is, of course, a water department. In some 
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places the water is purchased; in others it is produced independ- 
ently. The water has to be filtered in some cases, and experts in 
that line are on the job. The sewerage systems, laid out hurriedly, 
as they had to be, have in all cases proved adequate, and that is 
remarkable when it is considered how swiftly they were put down. 
The disposal of the sewage has to be taken care of the same as in 
civillife, in order that there may be no nuisance created through the 
discharge of the effluent into streams. Heating plants have to be 
operated with high efficiency, in order that the men may be kept 
warm and comfortable, especially in the hospitals. Refrigeration 
plants have to be run in order to keep perishable foods and to man- 
ufacture ice for issue. The whole problem is one of tremendous 
city management, because even though in sum totals they may 
only run into a couple of million men, the communities themselves 
are so widely scattered in so many localities, with so many differ- 
ent factors governing. 

Then as to costs. We have made a complete and careful 
analysis of the costs of operation of all of these utilities, and we 
are prepared to state and prove by actual figures that the electric- 
lighting systems, the roads, the buildings, the heating plants, the 
sewerage systems, all of those things that make up a modern city, 
have been operated and maintained at a cost not higher and even 
in some cases lower than those in the best managed commercial 
projects or best-managed state or municipal institutions. That is 
a strong statement, but we can substantiate it by figures and 
facts. And we take pride in it in giving an account of our stew- 
ardship. It has been a big job, and we are all proud of it. 

There were a great many men —I think you might say 101 per 
cent. of us, — who wanted to go abroad, but our duty was here; 
we could do better work here than we could there. There is a 
glamour, of course, to be spread over foreign service. There is also 
a glamour to be spread over self-sacrifice. We have in our force 
a great many young men who have been thrust back because of 
some physical disability, and there are others who were judged to 
be too valuable to be sent. And when the final summing up 
comes of ‘“ who is who” in the war there must be a tremendous 
amount of credit given to those who have so ably served in the 
Construction Division of the Army, who are entitled to a high 
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place in history and who, I think, will never be forgotten when 
the story is fully told. [Loud applause.] 

THE PresipentT. Mr. Fales, the chairman of the Sanitary 
Section of the Boston Society of Civil Engineers, has an announce- 
ment to make. 

Mr. Atmon L. Fates. At a meeting of the Sanitary Section 
of the Boston Society of Civil Engineers we are going to have the 
pleasure of hearing Colonel Johnson tell us of the operation and 
maintenance of the utilities at the army camps and cantonments. 
I am sure from what you have heard him say this afternoon that 
you will all be interested to hear in detail of his work. In the name 
of the Sanitary Section I extend to the members of the New Eng- 
land Water Works Association a cordial invitation to come to 
that meeting, which will be held at the Engineers’ Club at 7.45 p.., 
on Wednesady, March 5. Preceding this meeting we are to give 
a dinner to Colonel Johnson, and we shall also be very glad to 
have you join with us in thus honoring him. The dinner will be 
at 6.30, and I will ask any of you who wish to join with us to 
send a card to that effect to our clerk, Mr. Henry A. Varney, 715 
Tremont Temple, Boston. 

THE PresipENT. In behalf of the Association I thank you 
for the invitation, and I will see that our members are notified in 
due time. 

I have been requested to call attention to House Bill No. 760, 
now before the legislature, on which there is to be a hearing next 
Monday before the Joint Judiciary Committee. This is a bill to 
make water bills a lien on property. It has been up several times 
before, but I do not think it has ever got out of the committee. 

Mr. Metcalf has written me a letter, but as I see he is present 
I will ask him to state to you personally what he has stated in the 
letter to me. 

Mr. Leonarp Metcatr. Mr. President and Gentlemen, — I was 
anxious to find out for some water-works men whether any of you 
had information or experience upon agreements between water 
works and municipalities, looking to the taking over of the works 
by the municipality on a basis under which it was possible for the 
municipality to make payments of given sums from time to time, 
and under which any surplus earnings above a certain amount, 
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specified in the agreement, were to be applied to the purchase of 
the works. 

It has been suggested that some such method as this might be 
used, as means of settling questions which were vexed, between the 
water company and the municipality, particularly if there should 
be represented on the directorate of the water company the city 
authorities. One of my clients has been considering the making 
of such an agreement as that, based upon allowance of a certain 
rate of return upon the outstanding stock of the company, as well 
as the interest upon the bonds, — an agreement being arrived at 
with the city in regard to the relation between the outstanding 
securities and the fair value of the property. 

It seemed to me that this subject was one which would interest 
water-works men, and that it had in it a germ of thought that 
might be useful to water works, and so I am anxious to find out 
whether any of our members have had any experience of this sort. 

The plan is somewhat analogous to that which was developed 
in Chicago in settling the electric railway situation, and I think on 
the whole has worked out fairly well there. It is my impression 
that the city of Louisville, Kentucky, took over its water works 
on some such basis. The details I have not yet been able to find 
out about, though I expect to have information in the course of 
a few days. In the case of Burlington, Ia., I find that there was 
another example of an agreement under the terms of which the city 
has already acquired a very substantial interest in the works, 
which are still being operated by the water company; and the 
city is looking forward to finally acquiring the works under terms 
which are acceptable to the water company, and which the city 
officials consider distinctly advantageous to the city. 

I should be very grateful, therefore, if any of you know of any 
such examples, if you will let me know, or let one of the-members 
of the Executive Committee know, of them, so that they may 
be rounded up for presentation at a later date at one of our meet- 
ings. 

Tue Presipent. Is there any one present who can give us 
any information on the subject now? It appears to me to be a 
very interesting matter. 
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Mr. Samuet H. MacKenzie. The town of Southington took 
the works from the Southington Water Company, and they ac- 
quired them under an agreement that they should pay the cost of 
the works plus six per cent. less the dividends. It is a little more 
complicated than it seems from that statement, perhaps, but that 
is the way the works were acquired. 

THE PRESIDENT. It seems to me this is a very interesting 
subject, and I trust that Mr. Metcalf, after he gets the information 
together, will at some date present it in such form that it can go 
into our records for reference. 

The President then called upon Mr. Robert E. Horton, hy- 
draulic engineer, Albany, N. Y., who read a paper entitled, ‘‘ Meas- 
urement of Rainfall.’”’ The subject was discussed by Mr. Desmond 
FitzGerald, Mr. R. C. P. Coggeshall, Mr. Charles W. Sherman, 
and Mr. X. H. Goodnough. 

Mr. L. M. Hastings, city engineer, Cambridge, Mass., presented 
a paper entitled, ‘Some Practical Uses of Rainfall Records.” 

Adjourned. 
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EXECUTIVE COMMITTEE. 


Meeting of the Executive Committee of the New England 
Water Works Association was held at headquarters, Tremont 
Temple, Boston, Mass., at 11 o’clock a.m., December 11, 1918. 

Present: President Carleton E. Davis, Samuel E. Killam, 
Henry V. Macksey, Thomas McKenzie, Frank J. Gifford, Lewis 
M. Bancroft, and Willard Kent. 

The following applications were received and recommended for 
membership, namely, John W. Moran, superintendent water 
works, Fall River, Mass.; Timothy W. Good, superintendent water 
works, Cambridge, Mass.; Willard A. Keene, manager Turtle 
Creek office, Pennsylvania Water Co., Turtle Creek, Pa.; Launce- 
lot P. Marshall, chief engineer, Rangoon Municipality, Rangoon, 
Burma, India, and V. T. Givotovsky, post-graduate student, Mass. 
Inst. of Technology, Allston, Mass. 

The death of James Burnie, vice-president of the Association in 
1901, 1902, 1905, and 1915, was announced as occurring on the 
27th of last month, and the preparing of an obituary notice was 
referred to the Editor. 

Adjourned. 

Attest: Kent, Secretary. 


Meeting of the Executive Committee of the New England 
Water Works Association at headquarters, Tremont Temple, 
Wednesday, January 8, 1919. 

Present: President Carleton E. Davis and members Samuel! 
E. Killam, Henry V. Macksey, Perey R. Saunders, Lewis M. Ban- 
croft, and Willard Kent. 

‘The application of Schumaker & Santry for associate member- 
ship was presented and unanimously recommended therefor. The 
report of the committee on Award of the Dexter Brackett Memo- 
rial Medal for the year 1917 was received, and it was unanimously 
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voted, that the award of the Dexter Brackett Memorial Medal for 
the year 1917 be, and hereby is, made to Mr. Albert L. Sawyer, 
water registrar of Haverhill, Mass., for his paper entitled, “‘ Some 
Advantages of a Classified Cash Book.” 

Voted, that Messrs. William T. Barnes, William F. Sullivan, 
and George W. Batchelder be and hereby are constituted a com- 
mittee to recommend the award of the Dexter Brackett Memorial 
Medal for the year 1918. 


Adjourned. 
Attest: WiLLARD Kent, Secretary. 


Meeting of the Executive Committee of the New England 
Water Works Association held at headquarters, Tremont Temple, 
Boston, Mass., February 12, 1919, at eleven o’clock a.m. 

Present: President Samuel E. Killam and members Henry V. 
Macksey, Charles W. Sherman, James H. Mendell, Frank J. Gif- 
ford, Patrick Gear, Willard Kent, and Lewis M. Bancroft. 

Voted, that the President be and hereby is authorized to appoint 
a committee with full power to make arrangements for the June 
meeting of the Association. 

Voted, that Messrs. A. R. Hathaway and Patrick Gear be a 
committee to investigate and report with reference to the place 
of holding the next annual convention. 

The question of printing the membership list for the current 
year is discussed and referred to the President for such action as 
he may deem best. 

Voted, that the President be and hereby is authorized to make 
arrangements to allow the associate members to conduct a portion 
of some meeting of the Association after the dispatch of the rou- 
tine business. 

The Secretary presents certificate of renewal of the Treasurer’s 
bond for two thousand dollars by the Massachusetts Bonding 
Company, which is by unanimous vote approved. 

The following applications, properly endorsed, are received and 
the several applicants are by unanimous vote recommended for 
membership of the Association, viz., A. R. G. Booth, Lowell, 
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Mass., assistant chemist, Mass. State Department of Health; 
Thomas J. Carmody, Holyoke, Mass., water commissioner; 
George M. Graffam, Portland, Me., auditor for Portland Water 
District and Bangor Water Works; W. W. Nye, Fairfield, Me., 
real estate; A. B. Thompson, Waterville, Me., assistant superin- 
tendent Kennebec Water District. 

Adjourned. 


Attest: Kent, Secretary. 
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OBITUARY. 


ROLAND DWIGHT BARNES. 


Worp is just received of the death of Roland Dwight Barnes, 
which occurred at his home in Bristol, Conn., in August, 1918, 
after an illness of two years, although he was able to attend to 
business till within about two weeks of the end. 

Mr. Barnes was born December 23, 1855, and received his 
education in the schools of Forestville and Bristol, Hartford High 
School and New Britain Normal School. After teaching school 
a short time he took up the practice of his profession, that of civil 
engineer, with the Bristol Water Company, building fheir first 
reservoir and continued as their engineer till 1887. 

Mr. Barnes then became associated with the Pittsburg Water 
Works and Guarantee Company of Pittsburg, Pa., building 
water works in various parts of the country, and later transferred 
his office to Boston and was connected with development of water 
power on the Androscoggin River at Rumford Falls, Me. He 
then spent about fifteen years on construction and maintenance 
of sewers in Malden, Mass., from which he returned to Bristol 
and supervised house and factory building for the Bristol Brass 
Company, and was employed by the Wallace Barnes Company at 
the time of his death. 

He is survived by his wife, daughter, and a brother. 

Mr. Barnes was a member of the New England Water Works 
Association from 1899, and was associated with the Methodist 
Church and was a member of the board of trustees, also with 
the Independent Order of Odd Fellows and Knights of Pythias. 

He was one of Bristol’s best citizens, of high standing in his 
profession and upright and honorable in all his dealings. 

The New England Water Works Association, in common with 
his town and state, has lost an honored member. 
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CHARLES HENRY BALDWIN. 


The passing of Charles H. Baldwin, which occurred January 
23, 1919, takes away one who had made a remarkable record in 
several fields of activity. Mr. Baldwin was born January 138, 
1852; was “ turn-on ” and “ turn-off ” clerk of the Boston Water 
Department from 1874 to 1883. Then followed two years with 


the Equitable Meter Co., which he left to become New England 
manager of the National Meter Co., a position he held with the 
greatest credit till July 1, 1913, when he was made president of 
the Franklin Savings Bank of Boston. 

In this work he was eminently successful, and closed his career 
having gained and retained the highest esteem, respect, and confi- 
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dence of a legion of acquaintances. Mr. Baldwin was an active 
member of the New England Water Works Association from 1887 
but had been an associate member previously. 

For many years he was active and took a deep interest in its 
affairs. 

He first appeared before the Association at the Worcester Con- 
vention of 1883, to discuss ‘‘ The Causes and Prevention of the 
Waste of Water,” and was present at nearly all gatherings and 
took an active part in the programs. At the joint convention of 
the American and New England associations, held at Young’s 
Hotel in April, 1885, he did very effective committee work. 

Mr. Baldwin’s circle of interests included membership in So- 
ciety of Colonial Wars; treasurer of Home for Aged Men, director 
of the Washingtonian House, member of Trinity Church and 
deeply interested in the affairs of the diocese. 

He is survived by his wife. 

Although his many business demands prevented active partici- 
pation in water-works affairs during the last few years, the Asso- 


ciation feels a distinct loss in the jassing of one who had been a 
strong factor in making the New England Water Works Associa- 
tion the powerful organization it is to-day. 


IN MEMORIAM 
Lettice Roprerick WASHBURN. 
Born March 14, 1848. Died December 27, 1918. 
Member New Bedford Water Board from June 23, 1904, to the 
date of his death. Joined this Association March 11, 1908. 
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BOOK REVIEWS. 


“CONVEYANCE AND DISTRIBUTION OF WATER FOR WATER SUPPLY.” 
By Edward Wegmann, C. E. 


(Reviewed by Frep O. STEVENS.) 


In the seven hundred pages of his ‘‘ Conveyance and Distribution of Water 
for Water Supply,” Mr. Wegmann has assembled a vast amount of water- 
works data from the leading textbooks, journals of engineering societies, tech- 
nical magazines, and trade catalogues, of this and other countries. 

Part I gives, in a concise manner, the deduction and application of such 
formulas as are necessary for the solution of the ordinary problems relating 
to the flow of water in pipes and channels, with tables of coefficients to be 
used with them. The data on loss of head due to curves and valves are much 
more comprehensive than that found in textbooks, and the coefficients given 
are the result of a large number of experiments. 

Part II, treating of design and construction, takes up briefly but clearly 
the analysis of stresses in cast-iron, wood, and riveted-steel pipes, standpipes 
and trestle towers, together with enough of the mechanics of materials to 
enable the engineer-superintendent to solve intelligently such problems of 
design as are apt to occur in connection with his everyday work. 

Methods of manufacture of the various kinds of pipe are fully described, 
as are also construction methods for a number of water-works structures; but 
the greater part of this section is taken up by descriptions of notable existing 
works in this country and abroad, some one hundred pages being given to 
descriptive matter on intakes and aqueducts, an amount of space which seems 
somewhat out of proportion to that allowed some other subjects, in a volume 
which is described on its title page as ‘“‘a practical treatise for water-works 
engineers and superintendents.” 

The subject matter of Part III,on maintenance and operation should, prove 
of great interest and value to beginners in water-works management, to com- 
missioners in small towns, and others who are called upon to administer the 
affairs of water systems without having had practical water-works experience. 

The author describes the latest approved tools-and appliances, fixtures and 
fittings, and water-measuring and recording devices, in great detail, with 
illustrations from trade catalogues of each article described. An example of 
the detailed description of tools and processes in this section is afforded by 
the following paragraph: 

“* After the lead has been poured, the surplus of lead is cut off with the lead- 
cutting chisel, and the joint is calked by means of the calking irons and a 
hammer weighing about 3} pounds. The thickness of the calking irons at 
the point varies from } to j in.” 
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The paragraph is illustrated by cuts showing a full set of calking irons and 
hammers. 

The chapter on water meters is in itself a treatise on all known appliances 
for the measurement of the flow of water through pipes. Not only every 
type, but practically every make of meter from the smallest disk to the largest 
Venturi, including the recording devices used with Pitot tubes, is described 
by means of text, cuts, and diagrams. It is to be regretted that the author 
could not have devoted a few pages to the subject of meter maintenance and 
repairs, which, although of great importance to superintendents, has hardly 
been touched upon in water-works literature. 

The work as a whole is essentially a compilation, and as such will be of 
great value to the busy water-works manager who cannot possibly have access 
to the many sources of information of which the author has availed himself. 
Its greatest value to the engineer and to the superintendent of mature experi- 
ence who desires to broaden his knowledge gained experimentally, lies in its 
abundance of references, which, without exaggeration, may be said to cover 
practically the entire field of literature on water distribution. 


“Water Riguts DETERMINATION.” By Jay M. Whitham. — New York, 
John Wiley & Sons, 1918. 


(Reviewed by CHartes W. SHERMAN.) 


This book is the outcome of Mr. Whitham’s long experience in water- 
power rights cases, and represents the fruits of a very painstaking investiga- 
tion in old books and pamphlets, reports of law cases, etc. In his preface, 
the author says: - 


“This book is intended to assist an owner of an indefinite water right in 


determining: 
1. The meaning of his right as expressed in horse-powers; and 
2. The number of cubic feet of water per second to which he is entitled.” 


The first part of the book contains data from many sources relating to 
the power required to operate a run of stones, a saw mill, a cotton mill, etc., 
as indicated by the various authorities which the author has been able to find. 

The second part is devoted to a discussion of the quantities of water dis- 
charged through bulkhead gates and through various types of water wheels 
and turbines, more especially the older and now nearly obsolete types of wheel 
used in most of the early mills, to which such indefinite grants of water apply. 

The book is destined to be extremely useful in every case of an indefinite 
water-power right. 


7 

| 

| 


ADVERTISEMENTS. 


WILLARD KENT, Sec’y, 

715 Tremont Temple, Boston, Mass. 

Dear Sir : Enclosed please find 1.50 in payment of charge for Certificate 
2.25 


of Membership in the N. E. W. W. Association ($1.50), and Mem- 
bership Button ($ .75), which please mail me and oblige 


Yours truly, 
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ADVERTISEMENTS. 


Water Meters 


FOR ALL WATER WORKS SERVICE 


All Sizes, 5-8 to 6O inches 


CROWN EMPIRE 
NASH GEM 
EMPIRE:COMPOUND 
PREMIER 


With the only reliable straight- 
reading register in the marKet 


National Meter Company 


299 BROADWAY 
NEW YORK CITY 


BOSTON CHICAGO PITTSBURG 
159 Franklin St. 2626-2628 South Park Ave. 4 Smithfield St. 


ATLANTA CINCINNATI SAN FRANCISCO 
Third National Bank Bldg. 10 West Third St. 141 New Montgomery St. 
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GAS ENGINE and 
TRIPLEX PUMP 


Town and Village Water 
Works ¥ ¥ ¥ and Pump 


ing Service Generally 


CAN BE ADAPTED FOR 
EITHER GAS OR GASOLENE 


National Meter Company 
299 BROADWAY NEW YORK 


BOSTON: 159 Franklin St. CHICAGO: 2626-2628 South Park Ave, 
PITTSBURG: 4 Smithfield St. SAN FRANCISCO: 141 New Montgomery St. 
CINCINNATI: 10 West Third St. ATLANTA: Third National Bank Building, 
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APPROVAL 


HERSEY DETECTOR METER 


The Hersey Detector Meter has 
been accepted for thirteenyears in 3 
4; 6.8 /0'and 12’ sizes without. any 
restrictions or conditions of any 
kind by ev Insurance Company 


er 
Stock and Mutual doing business 
in the United States, and by the 
Water Departments and Water 
Companies in more than 600 Cities 
and Towns for use on over 4.000 
Fire Services protecting over 
§2.000,000.000. worth of Insured Property. 


HERSEY MANUFACTURING COMPANY 


BosTON NEWYORK CHICAGO COLUMBUS,O 
PHILADELPHIA ATLANTA SAN FRANCISCO 
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ACCURAGY, LONG LIFE, 
Avoidanee of Repairs 


Are the Requisites of the Perfect Water Meter and 
are the Principal Features of the 


LAMBERT.” 


Our unbreakable disk-piston, reinforced with an internal steel 
plate, can be found only in the LAMBERT METER. 

The growing popularity of the water-meter system is attributed 
by many to the inherent excellence of the ** LAMBERT” meter. 
Where ** LAMBERT” meters are‘selected, success is assured. 


THOMSON METER CO. 


Vv 
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A Trident for Every Service ! 


WHY are there more than a million 
and a half TRIDENTS in service > 


There is only one reason,— TRIDENTS are more continuously accu- 
rate, more durable, more economically maintained. They are the best 
meters. Don’t stint quality — you need the best for your services! 


NEPTUNE METER COMPANY 
50 EAST 42d ST., NEW YORK CITY 
Atlanta Boston Chicago 


Cincinnati Denver Portland 
San Francisco Los Angeles Seattle 
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** ARCTIC” 
(Frost 
Bottom) 


‘“*KEYSTONE- 
COMPOUND” 


“*UTILITY ” 


4 
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| 
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**EUREKA” 
|| 
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= East Pittsburgh,Pa. 
Los ANGELES. Y 
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WORTHINGTON 
Compound Meter 


The design of this meter is such that the 
action of the plunger valve (both up and 
down) is always sharp and positive; “‘no break- 


ing point” in the registration where the flow | 


changes from the 
disc totheturbine 
meter, or vice 


My point of change 
is reached. 


¥ 


Worthington Pump & Machinery Corporation 
Works: Harrison, N. J. 115 Broadway, New York 


j 
— 
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= 
= Send for Catalog W809 
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MERYEAN ano NIAGAI ARA 


AMERICAN NIAGARA 


ACCESSIBLE 


Our meter may be opened at the 
bolted flange without disconnecting it 
from the pipe, each intermediate gear 
may then be lifted from its bearing and 
the measuring chamber removed from 
its seat. No other meter is so simple 
and accessible for inspection, cleaning 
or repairing. Sample meter sent to any 
water works on trial. 


BUFFALO METER CO. 


2917 MAIN ST. EST.1892 BUFFALO,N-Y. 
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A MEMBER OF THE 
New England Water Works Association 
PAID FOR A 


Union Compounding Valve 
IN 7 WEEKS. 


THROUGH INCREASED REVENUE 


GENTLEMEN: June 4, 1918. 


In reply to your request for figures on test of 4-inch Union 
Compounding Valve installed at the plant of the ...... in this city, 
we submit the result as stated below: 

Apr. 15,718. 4in. Current meter read 9,255,000 cu. ft. 
May 15, "18. 4 in. ” ” 9,788,700 
533;700 

1-in. King by-pass meter read. . . . 132.600 ,, ,, 
Tatal 666,300 ,, ,, 

Average consumption on 2 prior months $72,600 
Actual increased registration . .. . 55: 


The increased registration at our rates netted us for one 
month the sum of $74.96 and the cost of the valve being $121.50. 
As a result of this test we have purchased the valve in- 
stalled and have also ordered another. 
Yours respectfully, 
) Supt. Water Works 


Facsimile of this letter complete and Catalogue NE-49 on request 


UNION WATER METER CO. 


INCORPORATED 1868 


WORCESTER, MASS. 
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ADVERTISEMENTS. 


are used to advan- 
tage by many water 
works in New Eng- 
land. Their resistance 
to bursting stresses is 
great. We stock a large 
number of Bells and 
Tees, and make a 
specialty of odd-shaped 
castings. Our latest 
Catalogue ‘L”’ is 
yours for the asking. 


The VENTURI METER 


is quick to detect pump 
slippage. The new Type W 
instrument (illustrated in 
cut) will give you a con- 
tinuous record as to the 
condition of your pump 
valves, and as to the actual 
efficiency of your pumps. 


Ask for Bulletin 84 W 


Builders Iron Foundry 
Providence Rhode Island 
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ADVERTISEMETNS. 


Metcalf & Eddy 


14 Beacon Street Harris Trust Building 
Boston, Mass. Chicago, Ill. 


WATER SUPPLY AND SEWERAGE 


Design Construction 
Supervision Management 
Reports Valuations 


W. CLARK 
NICHOLAS S. HILL, Jr. S.F.FERGUSON | 122 South Seventeenth St., Mattoon, Illinois, m S.A. 
HILL @ FERGUSON NEW YORK SAN FRANCISCO CHICAGO 


Consuiting Engineers 
Water Supply -Sewage Disposal 
Hydraulic Developments 


Reports, Investigations, Valuations, Rates, 
Design Construction,Ope;ation,Management 
Chemical and Biological Laboratories 
100 WILLIAM ST. NEW YORK CITY 


MANUFACTURERS 

The Clark Meter Box — Meter 
Testers, Service and Valve 
.Boxes, Valve Housings, and 
most everything for the 
Water Department. 


Send for catalogues, prices, ete. 


Valve Co. 


NEPONSET, MASS. 


Sluice Gates, Gate Valves and Fire Hydrants 


WILLIAM R. CONARD We Carry in in BOSTON STOCK for Immediate 
Assoc. Mem. Amer. Soc. C. E. Assoc. Amer.Soc.M.E. CAST IRON BELL AND SPIGOT 
322 High St., Burlington, N. J. WATER PIPE AND FITTINGS 
FLANGED PIPE in full and short lengths 
Inspections and Tests of Materials WROUGHT PIPE 
FRED A. HOUDLETTE & SON 


Reports Specifications (Incorporated) 
Designs Inspections 93 Broad Street, Boston, Mass. 
Tests . Quotations furnished promptly for shipment 


from 


C. D. Kirkpatrick S. P. Gates 


Established 1878 


G Hold 
B. F. SMITH & CO. 


Ba need the protection of I ted 
ncorporatec 


DIXON’S 
Silica-Graphite | = Artesian and Driven Wells, Foundation Boring 
PAINT 
Engineers and Contractors for Muni- 
BOOKLET NO. 87-8 cipal and Private Water Works 
JOSEPH DIXON CRUCIBLE Merchants Bank Building 


CO. Jersey City, N. J. ; 30 State Street, Room 610, Boston, Mass. 


xii 

SS 

| 4 

| 


ADVERTISEMENTS. 


{The Goods ThatP lease’ 


Corporation 


and 


Curb Cocks 


We have them to meet 
every requirement 


ORIGINAL 
‘“Hays-Erie”’ 
Extension Service Boxes 

of proven advantages 
Let us send at our risk, on 
30 days’ trial, a 
Payne’s Patent 
Tapping 
Machine 


which is recognized to be 
the most easily operated 
owing to the few working 
parts. 


30 M3IA WNOILIIS 


¥09 JNAWIS NOISNILX3 


8 


Mfg. Co., PENNSYLVANIA 


Estabtished 1869 
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ADVERTISEMENTS. 


The People Demand Increased Efficiency 


You can make sure your Department gets full revenue 
for every gallon of water used—by seeing that all meters 
are regularly tested for accuracy—with the 


Mueller Water Meter Tester 


The Mueller will prove exactly what each meter does 
—will enable you to adjust each meter to absolute accu- 
racy—will save more than its cost year after year. Used 
and endorsed by leading municipalities. Tne name 
Mueller guarantees both Quality and Service. 


Detailed description and prices on request. 


A. MUELLER MANUFACTURING CO., Decatur, Illinois 
Phone Bell 153—Auto 2131 


Water, Plumbing and Gas Brass Goods 


New York City, 145 W.30thSt. -— Phone, Madison Square 5397 
San Francisco, 589 Mission St. — Phone Sutter 3577 
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ADVERTISEMENTS. 


| ; We make Pressure Regulating Valves 
WATER all purposes, steam or water. 
SLES Our Feed-Water Filter will keep oil 
out of your boiler. 
REGULATORS We can interest you if you use a condenser, 


& ENGINES | Water Engines for Pumping Organs 


THE Ross VALVE MFG. Co. Standard fs 


or parlor organs. 


TROY, N. ¥. 


ENOUGH WATER? 


your mains. Consult us. . 


Illustrated booklet upon request 


NATIONAL WATER MAIN CLEANING CO. 
50 Church Street New York City 


If not, it is probably because of lack of carrying capacity of 


They set the Pace 


ASHTON POP VALVES 
and... STEAM GAGES 


Superior in Quality of material and workman- 
ship. and with greatest efficiency and durability, 
they challenge comparison with any others on 
the market. Send a trial order subject to ap- 


No. 74. 


S. D. M. J. 


Indicating Gage. 


proval ONLY IF SATISFACTORY, and thereby prove the claims made for 
them. HIGH GRADE GOODS OUR EXCLUSIVE SPECIALTY. 


aver the ASHTON VALVE CO., 274 Franklin Street, BOSTON, MASS. 
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ADVERTISEMENTS. 


R. D. WOOD @ CO. 


400 CHESTNUT STREET, PHILADELPHIA, PA. 


Engineers, Iron Founders and Machinists 
CENTRIFUGAL PUMPS 
PUMPING ENGINES cast Iron P ipe 


CUTTING-IN TEES 


Oid Way 


Connections economicaliy and eas- 
ily made with one fitting. Saves 
sleeve, cuts, lead and unnecessary 
work and material. 


Reduced Specials” 


Cost of fittings reduced from 25% 
to 50%. Full strength. Deep bells. 
Convenient to handle. Sold by 
the piece. 


Mathews 
Fire Hydrants 


A half century of use has established ti:ir reputation as 
being the most economical, durable and simple hydrant, 


Number in use exceeds total of all other 
makes combined. 


Gate Valves 


R. D, WOOD & CO. STANDARD 
DOUBLE DISK 
ANTI-FRICTION 
EXTRA WEIGHT, FINISH 


: 
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ADVERTISEMENTS. 


“LUDLOW VALVE MFG. CO, 


MANUFACTURERS OF 


VALVES and FIRE HYDRANTS 


This hydrant is anti- freezing, because 
when the drainage is good no water is left 
in it to freeze. 


The drip is directly in the bottom of the 
hydrant and drains perfectly It is protected 
by its valve, which never leaves its socket 
and cannot be clogged. 


DOUBLE AND 
SINGLE GATE 


VALVES, 
ALSO CHECK 


FIRE 
HYDRANTS. 


a YARD, WASH, 
Wot 
VALVES. HYDRANTS. 


SEND FOR CIRCULARS. 
OFFICE AND WORKS: FOOT OF ADAMS STREET, TROY, N. Y. 


BRANCH OFFICES: 


NEW YORK PHILADELPHIA BOSTON PITTSBURGH CHICAGO KANSAS CITY 
62 GOLD sT. HARRISON BLDG. OLIVER BLDG. IST NAT. BANK BLDG. THE ROOKERY VICTOR BLDG, 


WATER WORKS 
SUPERINTENDENTS! 


Is your per capita consumption too high ? 


Do you account for less than 85% of your pumpage ? 


Are you receiving full revenue from your manufactur- 
ing consumers ? 


If any of these problems confront you, write us at 
once, without obligation, and let us tell you about 
our PITOMETER SURVEYS. 


THE PITOMETER COMPANY 


25 Elm Street (N. Y. Edison Building) 
NEW YORK CITY, N. Y. 
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ADVERTISEMENTS. 


THE CHAPMAN 
VALVE MANUFACTURING 
COMPANY 


Manufacturers of 


Gate Valves Drip Valves 
Gate Fire Hydrants 
Corporation Cocks Curb Cocks 


Anderson Couplings 
Lead Pipe Connections 


WRITE FOR OUR WATER-WORKS CATALOG 


Main Office and Works 
Indian Orchard, Mass. 


BRANCH HOUSES 


BOSTON, MASS. NEW YORK CITY PHILADELPHIA CHICAGO 
141 High St. 180 Lafayette St. 1011 Filbert St. 116 N. Jefferson St. 
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ADVERTISEMENTS. 


NORWOOD ENCINEERING CO. 
FLORENCE, MASS. 


“IMPROVED” WALKER FIRE HYDRANTS 


acso tHe OLD RELIABLE LICENSED MANUFACTURERS OF 


“Holyoke ” Gate Hydrant The Vivian Rate Controller 


- WRITE FOR CIRCULARS 


We Want More Members 


Help Us Get Them 


Use Application on Last Page of Advertisements 


Warren Foundry and Machine So. 


SALES OFFICES 
11 BROADWAY, NEW YORK 


201 DEVONSHIRE ST., BOSTON, MASS. 
Telephone, Fort Hill 5951 


CAST IRON PIPE 


Bell and Spigot Flanged Pipe 
Special Castings 
Flexible Joint Pipe Cylinders 


Water Gas Sewers — Culverts 


Works, Phillipsburg, N. J. 
LARGE STOCK ENABLES US TO MAKE QUICK SHIPMENTS 


j 
MANUFACTURERS OF 

| 
= 


OR, 
PATENT RUBBER FACED) 


Section of Paralle! Seat-Valve 


Hydrant with 
independent Nozzle Cutoff. 


Section of Vertical Foot-Valve. 


Hydrant with Water Crane with 
Water Crane Attachment. indicator Post. Automatic Dnp Vahe. 


All Goods made by the EDDY VALVE COMPANY are 


Vatve Open-Drip GLosep. manufactured exclusively at WATERFORD.N.Y..U-S.A. Vauve CLosep - Drip Open. 


AVE 
| 
4 Section of Taper Seat-Valve. 
Section of Vertical Check Vaive \ 
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ADVERTISEMENTS. 


GRAVITY ano PRESSURE 


FILTERS 


HYPOCHLORITE STERILIZING APPARATUS 


Over 400 Municipal Plants in Successful 
Operation 


Total Daily Capacity 1,000,000,000 Gallons 


THE NEW YORK CONTINENTAL JEWELL FILTRATION Go. 


GENERAL OFFICE: NUTLEY, N. J. 


111 W. MONROE STREET CHICAGO 
619 NEW BIRKS BLDG. MONTREAL 


EMAUS PIPE FOUNDRY, 
-DONALDSON IRON CoO., 


MANUFACTURERS 


Cast 
IRON 
PIPE 


Special Castings for Water and Gas. 
Also Flange Pipe, Street Castings, 
Manhole Heads and Covers, etc. 


EMAUS, 
JOHN ORMROD, Pree LEHIGH COUNTY, PA. 


Secretary and Treasurer. 
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The 
Triumph 
of the 
Bell-and-Spigot 
Joint 


Thirty thousand feet — 2,500 bell 
and spigot joints — of U. S. Cast-Iron 
Pipe —laid over rough country — 
granite bowlders — sharp dips of from 
12 to 20 feet under water — and all 
without a special casting or a bend of 
any kind. 


Such is the latest story of Cast-Iron 
Pipe efficiency — and the efficiency of 
the good, old-fashioned bell-and-spigot 
joint. 

There were 2,500 joints, and out of all 
that multitude only three showed slight 
signs of leakage when the line was 
tested. 


At one point the line dipped through 
a lake, dropped 20 feet under water, 
then rose to the shore on the other side. 
The lake was narrow, — we'll show you 
a picture of that later, — so you can 
imagine the tremendous strain to 
which those joints were subjected. 
With that in mind just recall that only 
three joints out of 2,500 showed even a 
slight leak. Some 2,497 joints perfect, 
in spite of the rocky-road-to-Dublin 
conditions almost everywhere. 


Where was it? Medicine Canyon, 
Okla. What pipe was it? The pipe 
with 250 years’ service record back of 
it, — 


24” Line looking South from Dam through Medicine 
Canyon. 


UNITED STATES 
P IP E FOUNDRY 
COMPANY 
762 E. Pearl St., Burlington, N. J. 


SALES OFFICES 


Philadelphia — 1421 Chestnut Street. 
Pittsburgh — Henry W. Oliver Building. 

New York — 71 Broadway. 

Chicago — 122 South Michigan Boulevard. 
Cleveland, Ohio — 1150 East 26th Street N.E. 
St. Louis — Security Building. 

Birmingham, Ala. — American Trust Building. 
San Francisco — Monadnock Building. 
Buffalo — 957 East Ferry Street. 

Minneapolis, Minn. — Plymouth Building. 


U. S, CAST IRON PIPE 


“THE PIPE THAT OUTLASTS THE AGES” 


| 
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ADVERTISEMENTS. 


THE A. P. SMITH MANUFACTURING CO, 


EAST ORANGE, N. J. 


Manufacturers of 


Tapping [lachines, Fire Hydrants, Water Gates, 
Economic Lead Furnaces, 
Corporation and Curb Cocks, Brass and Aluminum Castings. 


Also General Supplies for Water and Gas Works. 


Write for Catalogue. 


NICHOLAS ENGEL 


JOHN FOX @ CO. 
CAST IRON 
WATER @ GAS PIPES 
FLANGE PIPE 


Special Castings, Fire Hydrants, Valves 
General Foundry and Machine Work 


253 BROADWAY _* = NEW YORK CITY 
Postal Telegraph Building 


HIGHEST AWARD, GOLD MEDAL, 


ST. LOUIS EXPOSITION, 1904 


Over 100 Water Departments 


use 


LEAD-LINED IRON and TIN-LINED PIPES 


for their service connections 


MANUFACTURED BY 


Lead Lined Iron Pipe Company 


Wakefield Mass. 


: 


XXIV ADVERTISEMENTS. 


Chadwick-Boston Lead Co. 


162 Congress St., Boston 


Agents for 


The Celebrated “ULCO”’ 


LEAD WOOL 


(Every Atom Pure Lead). 


For calking pipe joints under the most 
difficult conditions. 


For overhead joints, or in wet places 
where the use of molten lead is not only 
impracticable, but dangerous — LEAD 
WOOL may be employed to advantage. 
It makes perfectly tight joints to withstand 
the highest pressures, yet sufficiently elastic 
to admit of considerable sagging or settling 
of the pipe without causing the joint to 
leak. The difference in this respect, as 
compared with the poured joint, is notable. 


NO FIRE — NO DANGER —NO TROUBLE. 


Highest quality Lead Lined Iron 
Pipe and Fittings 
Also Pure BlocK-Tin Lined Iron Pipe and Fittings 


Lead Pipe, Tin Lined Lead Pipe, Pure Block-Tin 
Pipe, Solder Pig Lead, White Lead and Red Lead 
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EDSON M’F’G COMPANY 


275 ATLANTIC AVE., BOSTON, MASS. 


This Engine is built 
for Diaphragm Pumps 
by the makers and in- 
ventors of the Pump. 


Fifty years’ experience 
is behind it — reliable 
as the original pump 
you have known for 
years. 


Now in use by many 
of the Water Depart- 
ments. 


Mounted on Skid or 
4-Wheel Hand Truck, 


NO. 1 AIR-COOLED GASOLINE ENGINE fs 
Can be attached to any Diaphragm Pump @S desir ed. 


CLASSIFIED DIRECTORY OF ADVERTISEMENTS. 


ARTESIAN AND DRIVEN WELLS. 


BRASS GOODS. 


CAST IRON PIPE AND SPECIALS. 


U. S. Cast Iron Pipe and Foundry Co.. ...;:.cceeccceccrccevece xxii 
Warren Foundry and Machine Co... ... ee xix 


CLEANING WATER MAINS. 


ENGINEERS. 


FILTERS AND WATER SOFTENING PLANTS. 


New York Continental Jewell Filtration Co... . ee xxi 

FURNACES, ETC, 


(Index continued on page rziz.) 
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ADVERTISEMENTS. 


Twelve Reasons Why 
YOU SHOULD USE 


Registered_U. S. Patent Office 


FOR 
Jointing Water Mains 


1. DURABILITY. Leadite joints increase in strength with age- 
2. NO CAULKING. Leadite joints require no caulking, because 
the Leadite adheres to the pipe, making a water-tight bond. 

3. COMPARATIVE QUANTITIES. One ton of Leadite is 

equivalent to four tons of lead. 

4. LABOR SAVING. Saves caulking charges and digging of 
large bell-holes, and reduces the cost of trench pumping to 
the minimum. 

COST. Its use saves 50 to 65 per cent. over lead, owing to the 
saving effected in material and labor. 

TOOLS. As no caulking is required, fewer tools are needed. 

TRANSPORTATION. Considerable freight charges are saved 
because Leadite is lighter than lead. 

HAULING. Saves hauling expense on the work because you 
move only one fourth the weight of jointing material. 

9. FUEL. Saves fuel because you melt only one ton of material 
instead of four, and not as much heat is required either. 

10. DELIVERY. We can make prompt shipments. 

11. DAMAGE SUITS. Claims for damages caused by joints blow- 
ing out are prevented because Leadite joints will not blow 
out under any pressure. 

12. USERS. Progressive water works all over the country use 

Leadite. 


WRITE FOR BOOKLET 


THE LEADITE COMPANY, Inc. 


LAND TITLE BUILDING PHILADELPHIA 
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ADVERTISEMENTS. 


Laying 66-inch Reinforced Concrete 
“Lock Joint” Pipe for the Greater Win- 
nipeg Water District. 


Length, 10 miles. 


Heads, 45 to 90 feet. 


All Pressure Pipes are provided with 
Copper Expansion Joints. 


The Strongest and Most Permanent 
Water Pipe made. 


We will gladly furnish you with 
estimates. 


LOCK JOINT PIPE CO. 


165 BROADWAY NEW YORK CITY 


Factory, Ampere, N. J. 
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ADVERTISEMENTS. 


The 


Design and Construction 
of 


Water-Works Systems 


and Novel Features in their 
Management are given 
careful attention by 


Engineering 
News-Record 


It also gives prominence to the 
following departments of a 


Water-Works System: 


DAMS PIPE SYSTEMS 
AQUEDUCTS WATER TOWERS 
PUMPING STATIONS FILTERS 


SAMPLE COPIES FREE 
Subscription Price, $5.00 a Year 


ENGINEERING NEWS-RECORD 


AVE. AT 36TH STREET NEW YORK 


i 
' 
| 
3 
| 
: 
i 
i 
: 
| 
| 
: 
by 
1] 


ADVERTISEMENTS. 


THAT NEW BOOK 


“BULLETIN A” 


should be of 
interest to you, if 
you use the 


COREY 
HYDRANTS 


Send for it. 


RENSSELAER VALVE Co. 
TROY, N. Y. 


CLASSIFIED DIRECTORY OF ADVERTISEMENTS (Continued,) 


GAS ENGINE 


GATES, VALVES, AND 
Ashton Valve Co. . oP: 
Chapman Valve M’f’g Co... 
Coffin Valve Co 
Eddy Valve Co. . 

John Fox & Co....... 
Ludlow Valve Mig Co. 
Norwood Engineering Co. 
Rensselaer Valve Co.. .. 
Ross Valve M’f’g Co... . 
Fig A. P. Smith M’f’g Co. 
R. D. Wood &Co..... 


INSPECTION OF MATERIALS. 
Wm. R. Conard . 


LEAD AND PIPE 
Chadwick-Boston Lead Co. . . 
Lead Lined Iron Pipe Co. . 


LEADITE. 
The Leadite Co....... 


METERS. 

Buffalo MeterCo. .... 
Builders Iron Foundry .... 
Hersey M’f’gCo....... 
National MeterCo...... 
Neptune MeterCo........ 
Pittsburg Meter Co....... 
Thomson Meter Co....... 

Union Water Meter Co..... 
Worthington Pump and Machinery Corp’n 


(Index continued on page rrz.) 
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ADVERTISEMENTS. 


CLASSIFIED DIRECTORY OF ADVERTISEMENTS (Concluded). 


METER BOXES. 


OIL, GREASE, ETC. 


PIPE JOINTS. 


PRESSURE REGULATORS. 


PUMPS AND PUMPING ENGINES. 


Builders Iron Foundry. 


Edson Co. . 


REINFORCED CONC PIPE. 


Lock Joint Pipe Co. . ae 
TAPPING MACHINES. 
Mfg. Co. 


The A. P. Smith M’f’g 


TOOLS AND SUPPLIES. 


H. Mueller Mfg. Co. ....... 
The A. P. Smith M’f’g Co..... 
Hays M’f'gCo. . 
The Leadite Co. 


WooD PIPE._ 
Michigan Pine Co... . 
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New England » 
Water Works 


Association, 


ORGANIZED JUNE 12 1882. 


APPLICATION FOR MEMBERSHIP. 


I, the undersigned, residing at 


being desirous of admission 


into the New England Water Works Association, hereby make 


application for 


(resident, non-resident or associate) 


membership. 


Iam years of age, and I 


have been engaged in the following named work: - 


I will conform to the requirements of membership if elected. 


Signed, 


Address, 


Dated, 191 


Resident members are those residing in New England; all others are non-resident. 
Entrance fee is $5.00 for resident and $3.00 for non-resident members. 
Annual dues are $4.00 for both resident and non-resident members. 
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Patronize 
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